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PREFACE  TO  SECOND  EDITION 

The  revised  edition  of  Market  Milk  has  been  prepared  in  order  to 
keep  the  book  as  nearly  up-to-date  as  possible.  New  methods  of 
handling  market  milk  are  constantly  being  developed,  and  in  order  to 
make  the  book  authoritative  and  usable  it  is  necessary  that  these 
changes  be  recognized  and  included  in  the  text.  This  is  especially 
true  as  to  the  handling  of  market  milk  in  city  milk  plants,  and  the 
chapters  relating  to  milk-plant  equipment  and  operation  have  been 
extensively  revised. 

Minor  changes  have  been  made  throughout:  Chapter  XIV  has  been 
almost  completely  rewritten,  with  much  added  material,  and  a  separate 
chapter  on  country  receiving  stations  has  been  added.  The  two 
chapters  on  “Milk  Plant  Operation  ”  in  the  first  edition  have  been 
combined  into  one  chapter.  Chapter  XXIV  has  been  revised  so  as  to 
include  as  much  recent  data  on  the  cost  of  milk  distribution  as  is 
obtainable. 

The  extensive  use  which  was  made  of  the  first  edition  has  encouraged 
the  authors  to  proceed  with  the  revised  edition,  and  ii^is  hoped  that  the 
book  in  this  form  will  prove  even  more  useful  to  students  and  others 
interested  in  market-milk  problems  than  before. 

The  authors  are  indebted  to  the  Department  of  Agriculture  and  to 
manufacturers  of  milk-plant  equipment,  through  whose  courtesy  many 
new  illustrations  in  this  edition  were  made  available. 

The  Authors 


v 


PREFACE  TO  THE  FIRST  EDITION 


The  authors  of  this  book  have  long  felt  the  need  of  a  textbook 
covering  both  the  theory  and  practice  of  the  varied  phases  of  the  mar¬ 
ket  milk  industry.  With  the  hope  of  meeting  such  a  need,  they  have 
prepared  this  book,  which  contains  the  results  of  much  original  investi¬ 
gation  and  experience,  as  well  as  the  best  thought  of  others.  Full 
acknowledgment  has  been  made,  wherever  possible,  of  references  to  the 
work  of  other  writers  and  investigators. 

The  business  of  producing  and  distributing  market  milk,  with  its 
present  complexities,  is  a  comparatively  recent  development  of  the 
dairy  industry.  For  this  reason  there  is  need  for  a  closer  study  and  bet¬ 
ter  correlation  of  its  essential  factors.  It  is  the  hope  of  the  authors 
that  this  book  may  serve  as  a  guide,  not  only  to  dairy  students,  but 
also  to  all  others  who  are  interested  in  the  important  problems  con¬ 
fronting  the  producers  and  distributors  of  that  most  essential  com¬ 
modity — milk. 

The  authors  wish  to  acknowledge  their  indebtedness  to  the  United 
States  Department  of  Agriculture,  through  whose  courtesy  many  of  the 
illustrations  in  this  book  were  made  available. 

E.  K. 

C.  E.  C. 
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MARKET  MILK 


CHAPTER  I 


MARKET  MILK  AN  IMPORTANT  INDUSTRY 

Ancient  history  tells  us  that  the  cow  has  frequently  been  made  an 
object  of  veneration  and  worship.  She  has  been  called  the  “  foster 
mother  of  the  human  race  a  title  which  she  has  fairly  earned,  for  no 
other  animal  has  done  so  much  to  nourish  the  human  family  as  she  has. 

Her  product  is  milk,  a  food  intended  by  nature  for  promoting  growth  in 
the  young. 

Market  milk  ’  is  a  term  applied  to  milk  consumed  in  its  fluid 
state,  in  contradistinction  to  milk  used  for  manufacturing  products 
such  as  butter,  cheese,  ice-cream,  etc.  Far  more  milk  is  consumed  in 
t  le  fluid  state  than  is  used  for  any  other  purpose.  It  appears  in  this 
form  upon  almost  every  family  table;  it  is  the  chief  food  of  infants  and 
growing  children,  and  is  also  used  by  grown  people,  being  especially 
useful  in  the  diet  of  persons  suffering  from  certain  diseases. 

The  Production  and  handling  of  market  milk  requires  the  highest  type 
of  sc.ent.fic  sk.ll  Market  milk  must  be  produced  economically  and 
rketed  expeditiously;  from  cow  to  consumer,  it  must  be  carefully 
guarded  by  sanitary  measures,  on  account  of  its  susceptibility  to  infect 

Originally  milk  was  consumed  close  to  the  source  of  production- 
the  cow  supplied  the  needs  of  her  owner’s  family,  with  peihaps  a  small’ 
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sumption,  together  with  increased  complexities  in  handling  the  milk, 
necessitated  a  rather  elaborate  system  of  sanitary  control  which  called 
into  play  all  the  resources  of  the  sanitarian  and  the  bacteriologist. 
These  factors,  in  connection  with  the  magnitude  of  the  business,  have 
made  the  market  milk  industry  one  of  the  most  highly  specialized  in 
agriculture. 

Some  figures  on  the  growth  and  present  size  of  the  market  milk 
industry  may  be  of  interest.  Boston,  Mass.,  was  probably  the  first 
city  in  the  United  States  to  receive  milk  by  railroad.  This  shipment 
occurred  in  1838  and  was  so  successful  that,  only  five  years  later,  one 
dealer  in  Boston  received  over  200,000  gallons  of  milk  in  one  year.  The 
first  shipment  of  milk  by  rail  into  New  York  City  was  in  1847.  From 
these  small  beginnings  have  grown  our  wonderful  systems  of  transpor¬ 
tation  and  distribution. 

Present-day  figures  on  the  New  York  supply  show  the  remarkable 
growth  of  the  milk  industry.  In  1929  New  York  received  a  daily 
average  of  3,832,600  quarts.  This  milk  came  from  points  between 
44  and  450  miles  distant,  in  New  York,  New  Jersey,  Vermont,  Pennsyl¬ 
vania,  Massachusetts,  Connecticut  and  Canada.  From  the  country 
the  milk  was  transported  by  ten  different  railroads,  although  30,000 
gallons  a  day  arrived  by  motor  truck. 

AMOUNT  OF  MILK  PRODUCED  AND  USED 

Reports  show  that  there  were  22,499,000  milk  cows  on  farms  in  the 
United  States  on  January  1,  1930  (see  Table  1).  These  cows  produce 
approximately  120  billion  pounds,  or  nearly  14  billion  gallons,  of  milk 

annually. 

The  largest  quantity  used  for  any  single  purpose  is  sold  as  market 
milk.  Market  milk  requirements  demand  about  55  billion  pounds, 
or  nearly  billion  gallons,  of  milk  annually.  While  this  may  seem  to 
be  a  tremendous  volume  of  milk,  we  must  remember  that  when  it  is 
divided  among  our  population  of  over  120  million  people  the  quantity 
per  capita  is  not  great.  Estimates  of  the  per  capita  consumption  of 
dairy  products  in  the  United  States  are  shown  in  Table  3. 


PLACE  OF  DAIRY  PRODUCTS  IN  THE  AMERICAN  DIET 

It  is  estimated  that  dairy  products  constitute  from  18  to  20  per  cent 
of  the  total  expenditure  for  food  of  the  average  American  fami  y. 
Economists  and  physiologists  declare  that  dairy  products  should  occupy 
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TABLE  1 

Milk  Cows  and  Heifers:  Estimated  Number  and  Value  on  Farms, 
January  1,  1928-1930,  by  States 


State  and  Division. 


Maine . 

New  Hampshire. 

Vermont . 

Massachusetts .  . 
Rhode  Island .  .  . 
Connecticut .... 

New  York . 

New  Jersey . 

Pennsylvania .  .  . 


North  Atlantic. 


Ohio . 

Indiana . 

Illinois . 

Michigan . 

Wisconsin .... 
Minnesota. . . . 

Iowa . 

Missouri . 

North  Dakota. 
South  Dakota. 

Nebraska . 

Kansas . 


North  Central. 


Delaware . 

Maryland . 

Virginia . . 

West  Virginia.  . 
North  Carolina. . 
South  Carolina. . . 

Georgia . 

Florida . 


South  Atlantic. 


Kentucky . 
Tennessee . 
Alabama .  . 
Mississippi. 
Arkansas.  . 
Louisiana. . 
Oklahoma . 
Texas . 


South  Central. 


Montana.  . . , 

Idaho . 

Wyoming. . . 
Colorado 
New  Mexico. 
Arizona .  .  . 

Utah . 

Nevada 
Washington. 
Oregon . .  . 
California. 


Far  Western.  . 
United  States. 


Cows  and  Heifers  2  Years  Old  and  Over  Kept  for  Milk. 


Number  Jan.  1 
(000  omitted). 


1928 

(revised) 


139 

75 

286 

135 

20 

108 

1,330 

122 

855 


3,070 


908 

679 

968 

849 

1,984 

1,498 

1,314 

827 

472 

518 

613 

701 


36 

185 

360 

215 

294 

144 

343 

78 


1,655 


493 

438 

350 

390 

375 

204 

610 

936 


3,796 

177 

170 

72 

242 

65 

35 

92 

20 

275 

214 

614 


1929 
(revised) 


1930 

Total 


135 

75 

288 

134 

21 

109 

1,343 

122 

855 


3,082 


890 

693 

958 

849 

1,964 

1,483 

1,314 

827 

477 

523 

619 

708 


138 

77 

294 

134 

21 

111 

1,383 

125 

889 


3,172 


37 

187 

374 

219 

300 

140 

343 

74 


1,674 


493 

447 

350 

390 

382 

202 

610 

955 


3,829 

186 

173 

73 

244 

65 

36 

97 

20 

289 

220 

626 


908 

721 
1,006 

866 

2,023 

1,512 

1,340 

860 

495 

52S 

638 

722 


38 

193 

396 

226 

312 

143 

350 

78 


1,736 


498 

456 

353 

410 

400 

204 

634 

974 


3,929 

186 

178 

72 

244 

67 

35 

100 

20 


Farm  Value  per  Head 
Jan.  1 


1928. 


$76 . 00 
100.00 
97.00 
125.00 
132.00 
130.00 
111.00 
120.00 
97.00 


1929 


105.72 


83.00 

75.00 

76.00 

87.00 

86.00 

72.00 

76.00 

61.00 

61.00 

68.00 

71.00 

62.00 


92 

85 

58, 
65, 

59. 
47. 
42. 
37. 


00 

00 

00 

00 

00 

00 

00 

00 


57.58 


60.00 

53.00 

40.00 

40.00 

42.00 

36.90 

56.00 

57.00 


50.84 


63 . 00 
75.00 
70.00 
69.00 
57.00 
85.00 
73.00 
85 . 00 
80.00 
72.00 
80.00 


$87 

113, 

100, 

130, 

142. 

140. 

124. 

135. 

111. 


117.65 


93.00 

85.00 

89.00 

99.00 

97.00 

85.00 

86.00 

74.00 

75.00 

77.00 

84.00 

75.00 


110 

97 

70 

75 

64 

55 

49 

46 


00 

00 

00 

00 

00 

00 

00 

00 


66.86 


65.00 

60.00 

46.00 

45.00 

48.00 

49.00 

64.00 

61.00 


56.95 

79.00 
86.00 
86.00 
77.00 
67.00 
95 . 00 
87.00 
98.00 
99.00 
88.00 
94.00 


1930, 


$96.00 

118.00 

101.00 

140.00 

150.00 

141.00 

120.00 

140.00 

112.00 


117.47 


93.00 
84.00 
89.00 
99.00 
97.00 
82.00 
85.00 
70.00 
73 . 00 
78.00 
79.00 
74.00 


112.00 
100.00 
72.00 
76.00 
64.00 
54.  CO 
49.00 
55.00 


68.19 

64.00 
60.00 
48.00 
47.00 
48.00 
47.00 
59 . 00 
56.00 


Total  Farm  Value  Jan. 
(000  omitted). 


1928. 


$10,564 

7,500 

27,742 

16,875 

2,640 

14,040 

147,630 

14,640 

82,935 


1929. 


$11,745 

8,475 

28,800 

17,420 

2,982 

15,260 

166,532 

16,470 

04,905 


324,566 


75,364 

50,925 

73,568 

73.863 
170,624 
107,856 

99.864 
50,447 
28,792 
35,224 
43,523 
43,462 


3,312 

15,725 

20,880 

13,975 

17,346 

6,768 

14,406 

2,886 


55.02 


77.00 
SO.  00 
84.00 
72.00 
65.00 
95.00 
82.00 
90.00 
92.00 
80.00 
94.00 


95,298 

29,580 

23,214 

14,000 

15,600 

15,750 

7,344 

34,160 

53,352 


193,000 


11,151 

12,750 

5,040 

16,698 

3,705 

2,975 

6,716 

1,700 

22,000 

15,408 

49,120 


362,589 


82,770 

58,905 

85,262 

84,051 

190,508 

126,055 

113,004 

61,198 

35,775 

40,271 

51,996 

53,100 


4,070 

18,139 

26,180 

16,425 

19,200 

7,700 

16,807 

3,404 


111,925 

32,045 

26,820 

16,100 

17,550 

18,336 

9,898 

39,040 

58,255 


218,044 


14,694 
14,878 
6,278 
IS, 788 
4,355 
3,420 
8,439 
1,960 
28,611 
19,360 
58,844 


613,639  $1 ,855,080  $1,876,357 


1930. 


$13,248 

9,086 

29,694 

18,760 

3,150 

15,651 

165,960 

17,500 

99,568 


372,617 


84,444 

60,564 

89,534 

85,734 

196,231 

123,984 

113,900 

60,200 

36,135 

41,184 

50,402 

53,428 


4,256 

19,300 

28,512 

17,176 

19,968 

7,722 

17,150 

4,290 


118,374 


31,872 

27,360 

16,944 

19,270 

19,200 

9,588 

37,406 

54,544 


216,184 


14,322 

14,240 

6,048 

17,568 

4,355 

3,325 

8,200 

1,800 

27,140 

17,600 

58,844 
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a  more  prominent  place  in  the  diet;  Dr.  H.  C.  Sherman  recommends 
that  the  food  expenditure  of  the  average  family  should  be  as  follows: 


Meat  and  fish . 

Milk  and  its  products 
Breads  and  cereals. . . 
Vegetables  and  fruits. 

Eggs . 

Sugar . . 

Miscellaneous . 


Per  Cent. 
.  ...  12 
. ...  44 
. ...  13 
.  ...  17 
....  6 
...  3 

....  5 


TABLE  2 

Milk  Used  in  Manufactured  Products  in  the  United  States,  1929 


Manufactured  Products. 

Whole 
Milk 
Required 
per  Unit 
of 

Product, 

Pounds. 

1929. 

Quantity 
of  Product 
Manu¬ 
factured, 
Pounds. 

Whole  Milk 
Required, 
Pounds. 

Per  Cent 
of  Milk 
Manu¬ 
factured. 

Creamery  butter . 

21 

1,597,027,000 

33,537,567,000 

54.537 

Farm  butter . 

21 

580,000,000 

12,180,000,000 

19.806 

Cheese  (all  kinds) . 

10 

483,933,000 

4,839,330,000 

7.870 

Condensed  and  evaporated  milk 

2.5 

2,206,648,000 

5,516,620,000 

8.971 

Powdered  milk . 

8 

13,202,000 

105,616,000 

.172 

Powdered  cream . 

19 

294,000 

5,586,000 

.009 

Malted  milk . 

2.2 

22,850,000 

50,270,000 

.082 

235,050,000 

.382 

Ice-cream  (gals.) . 

13.75 

365,448,000 

5,024,910,000 

8.171 

Total  whole  milk  required  .  . 

61,494,949,000 

100 

Note:  In  addition,  there  were  probably  between  55  and  60  billion  pounds  of 
milk  used  as  milk  or  cream  for  consumption  in  the  households  of  the  country,  and 
about  8  billion  pounds  fed  to  animals,  or  wasted. 


TABLE  3 


Per  Capita  Consumption  of  Dairy  Products 


Article. 

Per  Year. 

Per  Day. 

232 . 0  quarts 

About  lj  pints 

17.61  pounds 

“  £  ounce 

4 . 62  pounds 

“  |  ounce 

3 . 0  gallons 

“  §  ounce 
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COWS  PER  1000  PERSONS  IN  THE  UNITED  STATES 

Dr.  Graham  Lusk,  of  the  Cornell  University  Medical  College,  states 
that  no  family  of  five  should  buy  meat  until  they  have  bought  three 
quarts  of  milk  per  day. 

We  hear  at  times  of  a  “  surplus  ”  of  dairy  products  in  certain  sec¬ 
tions.  Such  a  surplus  exists  only  because  the  American  people  do  not 
use  a  sufficient  amount  of  milk,  butter,  cheese,  etc.  If  the  diet  of  the 
American  consumer  were  properly  arranged,  there  would  be  no  surplus 
dairy  products. 


TABLE  4 

Number  of  Milk  Cows  in  the  United  States  per  1000  Persons 


1S40 . 

.  287 

1S90 . 

.  264 

1S50 . 

.  278 

1900 . 

.  237 

1860 . 

.  276 

1910 . 

.  220 

1870 . 

.  234 

1920 . 

.  223 

1880 . 

.  251 

1930 . 

.  183 

TABLE  5 


Balance  of  Trade  of  Dairy  Products 


Butter. 

Milk 

Year. 

Exports, 

Pounds. 

Imports, 

Pounds. 

Net, 

Pounds. 

Equivalent, 

Pounds. 

1928 

1929 

3,897,857 

3,724,245 

4,659,136 

2,772,983 

761,279  im. 
951,262  ex. 

15,986,859  im. 
19,976,502  ex. 

Cheese. 


1928  . 

1929 


2,599,947 

2,646,009 


80,432,272  77,833,325  im. 

76,381,795  73,735,786  im. 


778,333,250  im. 
737,357,860  im. 


Condensed  and  Evaporated  Milk. 


1928 

1929 

115,413,722 

109,184,425 

2,608,870 

2,634,057 

112,804,852  ex. 
106,550,368  ex. 

282,012,130  ex. 
266,375,920  ex. 

Combined  Butter,  Cheese,  and  Condensed  and  Evaporated  Milk 

1928 

1929 

512,307,979  im. 
451,005,438  im. 
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COWS  PER  1000  PERSONS  IN  THE  UNITED  STATES 

The  pitifully  scant  consumption  of  dairy  products  is  shown  by 
the  figures  in  Table  3.  Nearly  six  people  depend  upon  each  dairy  cow 
for  all  that  they  consume  of  milk,  butter,  cheese,  condensed  milk,  ice¬ 
cream,  etc.  (See  Table  4.)  These  six  people  do  not  even  get  all  of 
the  milk  from  one  cow,  for  we  export  some  of  her  milk  in  various  forms 
to  other  countries,  as  shown  in  Table  5. 

ADVANTAGES  OF  MILK 

The  principal  advantages  of  milk  as  a  food  are  the  following:  It 
requires  no  cooking  or  other  preparation;  it  is  readily  and  thoroughly 
digested  by  the  average  person;  it  is  a  complete  food,  containing  all  the 
constituents  (except  sufficient  iron)  necessary  for  body  building  and 

maintenance;  it  is  well- 
balanced  in  that  it  fur¬ 
nishes  food  materials  in  de¬ 
sirable  proportions;  it  con¬ 
tains  no  waste  materials, 
such  as  shell,  bone  or  skin; 
it  contains  “  vitamins  ”  or 
growth-promoting  accesso¬ 
ries;  and  it  is  usually 
cheaper  than  other  foods 
possessing  similar  charac¬ 
teristics. 

MILK  A  REAL  FOOD 

Because  milk  is  a  fluid 
and  cannot  be  chewed  as 
can  steak  or  vegetables, 
many  persons  think  of  it 
only  as  a  beverage.  In 
spite  of  this  rather  general 
belief,  milk  contains  more 
actual  solid  materials  than 
do  many  of  the  well-known 
“  solid  ”  foods.  Fig.  1, 
issued  by  the  United  States 
Department  of  Agriculture, 
shows  the  fallacy  of  con¬ 
sidering  milk  as  a  beverage. 


MILK  IS  A  FOOD 
With  more  Solids  than  any 
Other  Food  Listed  Below. 

The  Lines  show  the  Percentage  of 
Solids  in  Edible  Portion. 

Percent  0  1  2  3  4  5  6  7  8  9  10  11  12  13 

Milk 


jrIG  i — Diagram  showing  that  milk  contains 
more  solids  than  some  other  foods.  Milk  is 
not  only  a  beverage,  but  a  real  food.  U.  S. 
Dept,  of  Agriculture. 
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MILK  AS  A  FOOD 

FUNCTIONS  OF  THE  FOOD  CONSTITUENTS 

Protein. — Under  this  head  are  included  the  nitrogenous  portions 
of  milk,  mainly  the  casein  and  albumin.  Similar  substances  are  lean 
meat  and  the  white  of  eggs.  Atwater  states  that  protein  forms  about 
18  per  cent,  by  weight,  of  the  human  body;  it  is  perhaps  the  most 
important  of  all  food  constituents.  It  is  used  for  building  flesh 
(lean),  muscle,  tissues,  bones  and  body  fluids;  thus  it  is  important 
not  only  for  providing  growth,  but  for  repair  of  waste.  Protein  may 
also  be  burned  in  the  body  to  produce  energy. 

Fats. — Fats  in  food  may  be  burned  for  energy,  or  they  may  be 
stored  in  the  body  as  fat  or  fatty  tissue.  About  15  per  cent,  by  weight, 
of  the  average  human  body  is  fat. 

Carbohydrates. — Carbohydrates  include  mainly  sugars  and  starches. 
In  milk,  the  milk  sugar  is  the  only  carbohydrate  of  any  importance. 
Carbohydrates  are  similar  in  use  to  fats.  They  may  be  burned  to 
furnish  energy,  or  they  may  be  stored  as  fat  in  the  body.  Carbo¬ 
hydrates  form  less  than  1  per  cent  of  the  weight  of  the  body. 

.  Ash. — Ash,  or  mineral  matter  is  the  main  constituent  of  bones  and 
teeth.  It  is  also  found  in  tissues  and  body  fluids.  Ash  is  the  non¬ 
combustible  food  material.  It  constitutes  from  5  to  6  per  cent  of 
the  weight  of  the  body. 

ENERGY  AND  FUEL  VALUE 

Proteins,  carbohydrates  and  fats  can  be  burned  in  the  body  to  yield 
energy,  which  may  be  expended  either  as  power  to  perform  work  or  as 
heat.  Energy  is  produced  by  the  oxidation  of  fuel  foods  in  the  body. 
Special  types  of  apparatus  have  been  devised  for  measuring  the  fuel 
values  of  foods.  Experiments  have  shown  that  every  gram  of  protein 
or  carbohydrates  furnishes  4  calories,  while  a  gram  of  fat  supplies  9 
calories.  As  453.6  grams  equal  a  pound,  it  will  be  seen  that  a  pound  of 
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protein  or  carbohydrates  supplies  1820  calories,  while  a  pound  of  fat 
supplies  4040  calories. 

A  calorie  is  a  unit  used  for  measuring  the  energy  supplied  by  foods. 
One  calorie  represents  the  amount  of  heat  necessary  to  raise  1  pound 
of  water  4°  F.  In  measuring  power,  a  calorie  represents  the  power 
needed  to  lift  1  ton  a  distance  of  1.54  feet. 

The  amount  of  energy  supplied  by  foods  is  remarkable.  Some  of 
the  energy  is  necessary  for  performing  internal  work,  such  as  breathing, 
and  some  is  required  to  maintain  body  heat.  Energy  is  required 
for  all  external  muscular  work,  such  as  walking,  swimming,  etc. 
One  quart  of  4  per  cent  milk  would  furnish  about  670  calories/ if  all 
the  protein,  carbohydrates  and  fats  were  burned  in  the  body.  These 
670  calories,  if  used  entirely  for  heat,  would  melt  15  pounds  of  ice  and 
raise  the  resultant  water  to  the  boiling  point.  Or,  in  terms  of  power, 
the  energy  in  a  quart  of  milk  would  raise  2  tons  a  distance  of  520  feet! 


PROTEIN  AND  ENERGY  REQUIREMENTS  OF  HUMANS 

Many  studies  have  been  made  to  determine  the  food  requirements  of 
human  beings  who  perform  various  amounts  of  physical  labor.  Certain 
amounts  of  protein  must  be  eaten  to  maintain  the  body  and  repair 
waste;  sufficient  carbohydrates  and  fats  must  be  combined  with  the 

cular  wort  The  Ml ' ^  Tm  SUPP‘y  ^  ^  and  perform  mus‘ 
cular  wort.  The  following  table,  from  Atwater,  shows  a  dietary  stand 

ard  for  American  men  and  women.  (1)  J  Stand' 


Dietary  Standard. 


Man  with  very  hard  muscular  work. 
Man  with  hard  muscular  work  . 


ngm,  to  moderate  muscular  work 
Man  with  “sedentary”  or  woman  with 
moderately  active  work 

Woman  at  light  to  moderate  '  muscular 
work  or  man  without  muscular  exercise 


protein  th  r  Carbohydrates  in  sufficie 
Protun,  the  indicated  amount  of  energy. 


Actually  Eaten. 

Pro¬ 

tein. 

Fat. 

Carbo¬ 

hydrates. 

Grams. 

Grams. 

Grams. 

175 

a 

a 

150 

a 

a 

125 

a 

a 

112 

a 

a 

100 

a 

a 

90 

a 

a 

Fuel 

Value. 


Calories. 


5500 

4150 

3400 

3050 

2700 

2450 


Nutri¬ 

tive 

Ratio. 


7.2 

6.2 
6.2 
6.1 

6.1 

6.1 
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Other  writers  give  somewhat  lower  protein  requirements.  In  some 
cases  the  protein  standard  is  only  60-75  grams  per  day  for  an  average 
man. 

PROTEIN  AND  ENERGY  FURNISHED  BY  MILK 

The  energy  furnished  by  a  given  quantity  of  milk  can  be  readily 
figured  if  its  percentage  of  fat  and  solids-not-fat  is  known.  To  do  this, 
subtract  the  percentage  of  ash  (which  is  fairly  constant  at  .72)  from  the 
solids-not-fat.  The  remainder  will  be  the  percentage  of  protein  and 
carbohydrates  in  the  milk.  We  have  already  seen  that  each  gram  of  fat 
furnishes  9  calories  and  each  gram  of  carbohydrates  or  protein  furnishes 
4  calories.  A  quart  of  average  milk  weighs  approximately  975  grams. 
From  these  figures  the  following  table  has  been  worked  out: 


Fat. 

Per  Cent. 

Solids-not-fat. 

Per  Cent. 

Solids-not-fat, 
Minus  Ash. 

Per  Cent. 

Calories  in 
Fat  of  1 
Quart  Milk. 

Calories  in 
Solids-not-fat 
of  1  Quart 
Milk. 

Total  Calories 
in  1  Quart 
Milk. 

3 

8.33 

7.61 

263.3 

296.8 

560.1 

4 

8.79 

8.07 

351.0 

314.7 

665.7 

5 

9.10 

8.38 

438.0 

326.8 

765.6 

A  quart  of  milk  contains  between  25  and  40  grams  of  protein,  and  a 

fair  average  may  be  stated  as  30  grams. 

From  Atwater’s  figures  it  thus  appears  that  about  4  quarts  of  milk  a 
day  would  furnish  enough  protein,  and  5  quarts  a  day  enough  energy, 
for  a  man  at  moderately  active  muscular  work.  While  milk  is  the  sole 
or  chief  food  of  infants,  it  is  also  valuable  as  part  of  the  diet  for  older 

children  and  adults. 

MILK  AS  A  “BALANCED”  FOOD 

A  “  balanced  ”  food  is  one  which  supplies  the  various  nutritive 
substances  in  quantities  proportioned  to  the  needs  of  the  body.  A ^well- 
balanced  food  preserves  a  proper  ratio  between  protein,  fat,  carbo  y- 
drates,  mineral  matter  and  total  energy.  Milk  is  such  a  food,  and  wou 
alone  support  life  for  long  periods;  its  bulkiness,  however,  precludes  its 
use  as  the  sole  food  of  healthy  adults  engaged  in  hard  work. 


DIGESTIBILITY  OF  MILK 

Composition  tables  alone  do  not  give  us  a  complete  knowledge  of  the 
nutritive  value  of  foods;  we  must  also  know  how  much  of  the  protein, 
fats  etc  is  digestible,  for  it  is  only  the  digestible  portions  which  can 
nourish  us.  Experiments  made  in  the  United  States  Dep^tment  o 
Agriculture  (2)  show  that  milk  is  very  thoroughly  digested,  in  fact,  mo 
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completely  so  than  the  average  of  other  animal  foods.  Persons  who 
digest  milk  well  can  assimilate  98  per  cent  of  the  milk  protein  and  99  per 
cent  of  the  fat  and  carbohydrates.  Milk  is  digested  more  completely 
when  it  is  taken  with  other  foods  than  when  it  is  taken  alone. 

VITAMINS 

Within  comparatively  recent  years,  nutrition  experts  have  discovered 
that  the  growth-promoting  and  protective  value  of  foods  depends  not 
so  much  on  their  various  chemical  compounds  as  on  certain  substances 
or  groups  of  substances  which  have  been  designated  by  the  term  “  vita¬ 
mins.”  These  vitamins  are  still  “  unknown  ”  substances  in  that  they 
have  never  been  analyzed;  but  their  action  has  been  very  carefully 
studied.  F.  G.  Hopkins  of  Cambridge  University,  England,  T.  B. 
Osborne  and  L.  B.  Mendel  of  Yale  University,  and  E.  V.  McCollum 
of  the  University  of  Wisconsin  and  Johns  Hopkins  University  were  the 
earliest  investigators  in  this  field. 

Kinds  of  Vitamins.— Present  knowledge  indicates  that  there  are  at 
least  fave  vitamins  which  have  been  termed  A,  B,  C,  D,  and  E.  Recentlv 
certain  investigators  have  tentatively  announced  that  what  has  been 
called  vitamin  B  really  consists  of  two  separate  vitamins  which  it  is 
proposed  to  term  vitamins  Bi,  or  F;  and  B2,  or  G. 

Functions  of  Vitamins.— Each  vitamin  plays  some  particular  part 
“  ““defieie”  °r  Prcv™ of  various  pathological  conditions  known 
follows  a47  Briefly’  the  fUDCtion  of  vitamin  is  as 

bacteri^infiTon^^La^^th^Pt1^1^1*1*^’  °phthalmia’  certain 

weakening  of  many  ^  ^  to 

inflammation  of  the  eves  e,r,  ^f  ™ake  normal  growth,  and 

in  the  fat  of  milk  ’  ’  8mU8e8’  Thi§  vitamin  is  abundant 

tion!  mT^sW  to  Ifection  ^tfmTVfi  digeS_ 

discussed  under  vitamins  F  and  C  't  °T°  d°finite  fllnctions  will  be 
source  of  vitamin  B  ltS  C°mponents*  Milk  is  a  good 

It  “^“rbUtiC  Vitamin  Which  protects  from  scurvy. 

assimilation  of  iLr^rXsphoLPW"*8  riCketS  by  ai<iing  the 
formation.  It  is  present  in  milk  in  ’  promoting  Proper  bone 

Vitamin  E  is  called  the  reproducti^  bUt  appreciable  amounts, 
is  essential  for  the  proper  functionin  T  °V  antl"sterility  vitamin.  It 

n  vitamin  are  lfound1mmak'Pr°dUCti0n  processes-  Small 
» itamin  F  or  t^,  ic? 

’  antl-neuritic  vitamin.  Its  definite  work 
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is  to  prevent  polyneuritis  in  fowls  and  some  other  animals,  and  probably 
beriberi  in  man. 

Vitamin  G,  or  B2,  is  generally  supposed  to  prevent  pellagra  in  the 
human  family.  It  is  found  in  milk  in  relatively  greater  proportions 
than  is  vitamin  F. 

Vitamins  in  Dairy  Products. — All  dairy  products  contain  vitamins, 
but  more  kinds  and  usually  greater  amounts  of  the  various  kinds  are 
carried  in  whole  milk  and  whole  milk  products  such  as  condensed  and 
evaporated  whole  milk  and  dried  whole  milk. 

Effect  of  Heat  on  Vitamins. — In  experimental  work  vitamins  A,  D, 
and  G  or  B2,  seem  to  be  quite  stable  in  withstanding  heat.  Vitamin 
F,  or  Bi,  is  apparently  more  susceptible  to  heating. 

Authorities  differ  somewhat  regarding  the  effect  of  heat  on  C;  but  it 
is  quite  generally  conceded  that  its  properties  are  injured  or  destroyed 
by  subjection  to  high  temperatures  in  the  presence  of  air.  C  appears 
to  be  most  abundant  in  fresh  milk  and  to  be  impaired  or  destroyed, 
probably  by  oxidation,  as  milk  ages. 

Importance  of  Vitamins  in  Milk. — The  following  quotations,  taken 
from  McCollum’s  “  The  Newer  Knowledge  of  Nutrition,”  (3)  show  the 
importance  of  milk  in  the  diet: 

“  Milk  is,  however,  without  doubt  our  most  important  food-stuff. 
This  is  true,  because  the  composition  of  milk  is  such  that  when  used  in 
combination  with  other  food-stuffs  of  either  animal  or  vegetable  origin, 

it  corrects  their  dietary  deficiencies. 

“  Milk  and  the  leaves  of  plants  are  to  be  regarded  as  protective  foods 
and  should  never  be  omitted  from  the  diet.  Milk  is  a  better  protective 
food  than  are  the  leaves,  when  used  in  appropriate  amounts.” 


UNDERNOURISHMENT  IN  CHILDREN 

The  statement  has  been  made  by  reliable  authorities  that  about 
one-third  of  all  American  babies  and  school  children  are  undernourished. 
Not  all  undernourishment  is  due  to  lack  of  milk  in  the  diet;  but  the 
well-known  necessity  of  milk  for  children,  coupled  with  recent  investi¬ 
gations  showing  the  vast  numbers  who  do  not  have  milk  regularly,  force 
the  conclusion  that  much  of  the  undernourishment in  chi  dren  is  due  to 
lack  of  milk  in  the  diet.  Investigations  made  by  the  Children  s  Bureau 
of  the  Department  of  Labor  in  1919  showed  that  only  29  per  cent  of  728 
Baltimore  children  between  two  and  seven  years  of  age  had  fresh  milk  to 
drink.  In  Washington,  investigators  of  the  same  bureau  founc  o  per 
cent  of  children,  in  the  same  age  group,  without  milk.  In  Callfo^ia’ 
a  survey  conducted  by  the  State  Dairy  Council  in  1919  (4)  showed It 
nearly  41  per  cent  of  129,633  school  children  did  not  receive  milk  d  y. 

During  the  War  and  coincident  with  the  increasing  price  o  mi 
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other  foods,  the  use  of  milk  by  children  in  New  York  city  decreased; 
at  the  same  time  undernourishment  increased,  as  shown  by  the  following 
table  compiled  from  figures  published  by  the  Department  of  Health.  (5) 


Undernourishment  in  School  Children 


Year. 

Per  Cent  Undernourished. 

1914 

5.0 

1915 

6.0 

1916 

11.0 

1917 

21.0 

1918 

19.0 

Explanation  of  these  figures  is  found  in  further  studies  in  the  same 
city.  It  was  found  that  in  2200  families,  each  having  at  least  two 
children  under  six  years  of  age,  2148  children  (under  six  years)  were 
drmkmg  tea  or  coffee  in  place  of  milk.  The  investigators  conclude, 
Theie  can  be  no  question  but  that  a  great  deal  of  this  undernourish- 

their  diet  ”6  t0  ^  °hildren  are  not  «etting  sufficient  milk  in 


Tables  6  and  7  contain  partial  reports  of  school  surveys  held  in  two 

cities  not  far  apart  These  surveys  were  made  cooperatively  by  the 

Dairy  Division  U  S.  Department  of  Agriculture,  the  State  Agricultural 
Colleges  and  the  city  schools.  agricultural 


TABLE  6 


Num- 

Amount  of  Milk  Consumed 

ber 

Chil- 

Num- 

School. 

dren 

ber 

More 

Three 

Re- 

Drink- 

than 

Two 

port- 

ing 

Three 

Cups 

Cups 

ing. 

Milk 

Daily 

Cups. 

Daily 

Daily. 

White, 
Public. . 
White, 

15,772 

7746 

839 

1388 

3515 

Catholic 

Negro, 

2,128 

955 

97 

169 

357 

Public. . 
Negro, 

728 

280 

11 

23 

86 

Catholic 

651 

144 

3 

12 

32 

Total . 

19,278 

9125 

950 

1592 

3990 

One 

Cup 


3493 

331 

166 

72 


4062 


Num- 
~  ber 
Drink¬ 
ing 

Milk 

Occa¬ 

sion¬ 

ally. 

Num¬ 

ber 

Drink¬ 

ing 

Tea  or 
Coffee 
Daily 

Num¬ 

ber 

Drink¬ 

ing 

Tea  or 
Coffee 
Occa¬ 
sion¬ 
ally. 

Num¬ 

ber 

Drink¬ 

ing 

Soft 

Drinks 

Daily. 

Num¬ 

ber 

Soft 

Drinks 

Occa¬ 

sion¬ 

ally. 

8,446 

10,982 

4688 

2421 

15,297 

698 

1,543 

417 

220 

1,603 

393 

446 

175 

71 

625 

291 

444 

114 

42 

433 

10,028 

13,415 

5394 

2712 

17,958 

Num¬ 

ber 

Under 

W’ght. 


11,604 

991 

360 

218 
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TABLE  7 

Partial  Report  op  Survey  Taken  in  Jackson,  Miss.,  Milk  for  Health 

Campaign,  April,  1922 

Total  White  Public  Schools 


Number 

Children 

Reporting. 

Number 
Children 
Drinking 
Milk  Daily. 

Number 
Children 
Having 
Two  Cups 
or  More 
Daily. 

Number 
Children 
Having 
Milk  Occa¬ 
sionally. 

Number 
Children 
Having 
Tea  or 
Coffee 
Daily. 

Number 
Children 
Having 
Tea  or 
Coffee 
Occasion¬ 
ally. 

Number 

Children 

U  nder- 
weight. 

Number 

Children 

10  Per  Cent  or 
More 
Under¬ 
weight. 

1977 

1234 

1075 

562 

426 

781 

988 

415 

1.  62.4  per  cent  have  milk  daily. 

2.  45.6  per  cent  have  less  than  two  cups  daily  (or  902  children). 

3.  9.1  per  cent  have  no  milk  (or  181  children). 

4.  21.5  per  cent  have  tea  or  coffee  daily. 

5.  21  per  cent  are  10  per  cent  or  more  than  10  per  cent  underweight. 


MILK  FOR  INFANT  FEEDING 

Mother’s  milk  is  by  far  the  best  food  for  babies,  and  no  substitute 
can  entirely  take  its  place.  Bottle-fed  children  die  at  a  greater  rate 
than  do  those  nursed  at  the  breast.  This  is  due  largely  to  the  fact  that 
the  milk  of  other  animals  differs  chemically  and  physically  from  human 
milk  and  the  stomach  of  the  human  infant  does  not  tolerate  it  so  well. 
Furthermore,  milk  nursed  from  the  breast  is  practically  sterile,  whereas 
other  milk  is  often  seriously  contaminated  through  carelessness,  age  or 
high  temperatures. 

Human  Milk  and  Other  Milk— The  following  table  shows  how 
human  milk  differs  in  composition  from  the  milk  of  other  mammals. 


Composition  of  Milks  (Gowen  and  others) 


Animal. 

Fat, 

Per  Cent. 

Solids-not-fat, 
Per  Cent. 

Total  Solids, 
Per  Cent. 

3.28 

8.50 

11.78 

3.44 

8.61 

12.05 

3.54 

8.26 

11.80 

.90 

8.82 

9.72 

.99 

8.93 

9.92 

16.24 

6.77 

9.47 

7.17 

11.35 

18 . 52 

18.51 

15.89 

6.60 

11.91 

5.65 

10.24 

22.46 

10.63 

12.46 

- ■ 
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Cow’s  milk  is  the  almost  universal  substitute  for  mother’s  milk. 
Where  available,  goat’s  milk  is  frequently  used,  and  ass’s  and  mare’s 
milk  is  sometimes  used.  A  complete  analysis  of  the  most  common  sub¬ 
stitutes  is  as  follows: 


Water. 

Fat. 

Sugar. 

Protein. 

Human . 

87.30 

4.00 

7.00 

1.50 

Cow . 

87.50 

3.50 

4.30 

4.00 

Goat . 

86.78 

4.07 

4.64 

3.76 

Ass . 

90.05 

1.00 

6.75 

1.75 

Ash. 


.20 

.70 

.75 

.45 


it  will  be  seen  that  cow  s  milk  contains  less  sugar  and  more  protein 
than  human  milk.  Ass’s  milk  is  very  low  in  fat,  but  closely  approxi¬ 
mates  human  milk  in  the  other  constituents.  Any  substitute  for 
mother’s  milk  must  be  “  modified  ”  for  young  infants,  to  make  its  com¬ 
position  coincide  as  nearly  as  possible  with  that  of  breast  milk.  The 
methods  of  modification  will  be  discussed  later. 

Many  physicians  believe  that  goat’s  milk  is  better  adapted  than 
cow  s  milk  for  infant  feeding;  actual  experiments,  however,  do  not  seem 
conclusive  on  this  point.  Sherman  and  Lohnes  (6)  fed  a  number  of 
hospital  and  asylum  infants  on  both  kinds  of  milk.  At  a  certain  interval 
after  feeding  they  recovered  the  stomach  contents,  which  averaged 

goat’s  ^  fron  tf  il10  C°W’S,miUc  and  27  cubic  centimeters  of  the 

dfecste  T1  i  !  1Cy,  Ude  that  goat’s  milk  is  “ore  rapidly 
«  '  J  "''  a  so  state  that  curds  from  goat’s  milk  were  smaller 

and  more  flocculent.  However,  deductions  based  on  absorption  and 
gain  in  weight  were  inconclusive;  of  sixteen  infants  fed  simila/formulas 
Welve  gamed  better  on  cow’s  milk,  and  only  four  gained  bet  r  “>s 

was^rs  or  ,sixteen  — 

plying  milk  for  infant  feeding  fn  w if  t '  i  ”  ^  °f  ^ 

about  one  quart  of  milk  daily  and  thi*  *  ?  Each  ass  yielded 

S°unbtet  tt&r the  babr 

cpitate,  and  the  hne  pre- 

rendering  its  digestion  rapid  and  easy.  f  flocculent  character, 

and  should  on^ioOOcount  be  boile^befcireOise/^  Cann°‘  ^  SteriUzWl 
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Condensed  and  Evaporated  Milks —Considerable  amounts  of  the 
sweetened  condensed  and  unsweetened  evaporated  milks  are  used  for 
infant  feeding.  Canned  milk  is  useful  in  regions  where  fresh  cow’s  milk 
is  not  available  or  where  the  milk  supply  is  not  fit  for  infant  feeding; 
but  it  should  always  be  supplemented  by  orange  juice  or  some  other 
anti-scorbutic  substance. 

Its  portability  and  low  bacterial  content  have  been  its  chief  advan¬ 
tages.  Some  authorities  claim  excellent  results  with  both  condensed 
and  evaporated  milks ;  others  declare  the  sweetened  product  unsuitable 
for  young  infants.  Washburn  and  Jones  (7)  conducted  experiments 
with  young  pigs  and  reason  from  their  results  that  evaporated  milk  is 
satisfactory,  but  that  sweetened  condensed  milk  is  thoroughly  unde¬ 
sirable.  The  latter  produced  deficient  bone  formation  and  a  danger¬ 
ously  fat  body. 

The  Connecticut  Experiment  Station,  at  New  Haven,  gives  the  fol¬ 
lowing  as  the  result  of  analyses  extending  from  1904  to  1919  (12). 


Composition  of  Evaporated  Milks.  Per  Cent 


Water. 

Ash. 

Protein. 

Milk 

Sugar. 

Fat. 

Calories 

per  100 
Grams. 

Maximum . 

75.27 

1.85 

8.75 

11.99 

10.20 

164 

Minimum . 

68.93 

1.29 

6.38 

8.10 

5.61 

•  121 

\ vernge . 

72.78 

1.57 

7.26 

10.26 

8.24 

145 

- - 

Composition  of  Condensed  Milks.  Per  Cent 


Water. 

Cane 

Sugar. 

Ash. 

Protein. 

Milk 

Sugar. 

Fat. 

Calories 
per  100 
Grams. 

Mavimnm  . 

31.72 

45.21 

2.16 

9.81 

17.42* 

10.17 

6.90 

355 

312 

Minimum . 

21.67 

26.99 

1.50 

6.95 

10.42 

Avorsipe  . 

26.62 

40.34 

1.80 

8.29 

14.00 

8.95 

332 

— 

One  ,amplo  coined  24.08  pc,  ce„,  b„,  .hi,  .«  Prob.bl,  d»  to  •  P-<*> 


sugar. 

It  will  be  seen  from  these  tables  that  there 
tion  in  composition  between  various  brands. 


is  a  considerable  varia- 
This  emphasizes  the 
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importance  of  knowing  the  analysis  of  the  particular  brand  used  in 
infant  feeding;  otherwise  overfeeding  or  underfeeding  may  result,  as 
pointed  out  by  Jordan  (13). 

Condensed  and  evaporated  skim  milks  are  deficient  in  fat  and  should 
not  be  used  for  infant  feeding  except  by  the  express  order  of  a  physician. 
Neither  should  concentrated  milk  which  has  had  other  fat  substituted 
for  butter-fat  be  used  for  infants  or  young  children. 

Dried  and  Powdered  Milks. — Both  skim  and  whole  milk  may  be 
had  in  dried  or  powdered  form.  Different  brands  vary  in  composition, 
but  the  following  table  gives  an  average  of  several  commercial  grades: 

Composition  of  Milk  Powders.  Per  Cent 


Water. 

Ash. 

Protein. 

Fat. 

Lactose. 

Calories 
per  100 
Grams. 

Whole  milk . 

1.50 

4.45 

5.75 

8.12 

26.67 

35.03 

28.20 

2.28 

37.88 

50.11 

512 

361 

Skim  milk . 

Whole-milk  powder  has  been  used  very  successfully  in  infant  feeding 
both  here  and  in  Europe;  skim-milk  powder  to  which  butter-fat  has 
been  restored  has  also  proved  satisfactory.  In  an  English  report  com¬ 
piled  by  Coutts  (8)  and  submitted  to  the  Local  Government  Board,  the 
statement  is  made  that  whole-milk  powder  is  a  very  valuable  infant  food 
as  a  substitute  for  breast  feeding.  Infants  fed  on  milk-powder  solutions 
made  normal  weight  increases  and  had  firm,  healthy  bodies;  sickly 
children  also  did  well  on  such  mixtures.  No  scurvy  or  rickets  were 
observed,  and  teething  and  walking  were  normal.  Bacterial  tests 
s  owed  only  a  small  number  of  organisms,  and  B.  coli  was  found  in  only 
two  samples  out  of  eighty-eight  examined. 

Feeding  experiments  carried  on  in  Boston,  Mass,  under  the  direc- 
lon  of  the  U  S.  Public  Health  Service,  (9)  coincide  with  the  British 
findings.  Children  fed  on  reconstituted  whole-milk  powder  and  on  milk 
reconstructed  from  skim  powder  and  butter,  showed  noiZl  “ 

to  tt  powd°er  8  r°8UltS  WCTe  °bSerVed  Which  might  be  attributed 

Malted  Milks  and  Proprietary  Infant  Foods.— Considerable  use  in 

‘imkperialdGPeCial  infant'  ^ 
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carbohydrates.  The  following  table  gives  analyses,  made  by  the 
Connecticut  Station  in  1915,  of  four  brands  of  malted  milk. 


Composition  of  Malted  Milks.  Per  Cent. 


Water. 

Fat. 

Fiber. 

Ash. 

Carbo¬ 

hydrates. 

Protein. 

Calories 
per  100 
Grams. 

Brand  A . . . . 

5.93 

6.75 

.13 

3.08 

70.05 

14.06 

397 

“  B.... 

5.18 

7.15 

.05 

3.45 

68.79 

15.38 

401 

“  C.... 

2.03 

8.10 

.15 

4.00 

70.72 

15.00 

416 

“  D... 

3.20 

5.20 

.30 

3.28 

73.52 

14.50 

399 

Average . . 

4.09 

6.80 

.16 

3.45 

70.77 

14.74 

403 

The  analysis  of  one  prominent  brand  of  infant  food  as  given  by  its 
manufacturers  in  1920  is  appended. 


Composition  of  Mellin’s  Food.  Per  Cent 

.16 
10.35 

«■»}  Soluble  carbohydrates  79 . 57 

4.30 
5.62 


100.00 


Fat . 

Protein . 
Maltose . 
Dextrins 
Salts 
Water. . . 


The  special  infant  foods  usually  contain  added  maltose,  albumen  or 
mineral  salts.  Owing  to  then’  composition,  they  are  usually  used  in 
conjunction  with  fluid  cow’s  milk  for  infant  feeding. 

Grades  of  Cow’s  Milk— The  grades  of  milk  best  suited  for  children 
are  certified,  properly  pasteurized,  and  boiled.  Certified  milk  is  raw 
milk  produced  under  the  rigid  supervision  of  a  medical  milk  commis¬ 
sion;  it  is  the  safest  grade  of  raw  milk,  and  must  contain  less  than 
10,000  bacteria  per  cubic  centimeter.  Properly  pasteurized  milk  is 
clean  milk  which  has  been  heated  to  at  least  142  F.  for  thirty 

minutes. 

No  matter  what  sort  of  milk  is  used,  no  pains  should  be  spared  to 
make  sure  that  the  inspecting  bodies  are  competent  and  that  the  milk  is 
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really  of  high  grade.  This  applies  to  milk  which  is  to  be  heated  as  well 
as  to  that  used  raw. 

Some  physicians  prefer  raw  milk  for  infant  feeding,  claiming  that 
heated  milk  is  deficient  in  anti-scorbutic  properties.  However,  such 
a  deficiency  can  be  easily  remedied  in  the  diet. 

Modification  of  Cow’s  Milk. — As  cow’s  milk  contains  much  more 
protein  and  mineral  matter  than  human  milk  and  only  about  half  as 
much  sugar,  its  composition  must  be  changed,  or  “  modified  ”  to  suit 
it  to  infant  feeding.  This  modification  consists,  in  the  main,  of  diluting 
the  milk  with  water  to  decrease  the  protein,  and  then  adding  cream  and 
sugar. 


Ihis  is  usually  done  in  the  home  under  a  physician’s  direction. 
There  are,  however,  milk  stations  where  milk  is  modified  commercially; 
such  stations  are  operated  in  many  cities  by  the  Walker  Gordon  Labora¬ 
tory  Company.  At  these  stations,  milk  is  modified  according  to  the 
physician’s  prescription;  the  feedings  for  one  day  are  placed  in  sterile 
nursing  bottles  and  delivered  packed  in  ice. 

As  previously  stated,  milk  for  infants  should  be  of  the  best  grade. 
The  mixed  milk  from  a  herd  of  cows  is  better  than  milk  from  an  indi- 
vic  ual  cow  because  there  is  less  variation  in  its  composition.  The  size 
of  the  fat  globules  in  the  milk  of  different  breeds  of  dairy  cattle  is  not 
apparently  an  important  factor  in  infant  feeding.  The  milk  of  any 
breed  can  be  satisfactorily  modified,  but  it  is  essential  to  know  the 

exact  composition  of  the  milk  which  is  used.  Normal  infants  digest  well 
milk  containing  2  to  3^  per  cent  fat. 

Many  mothers  are  unable  to  nurse  their  babies,  except  for  a  very 
rt  period.  Normally,  however,  weaning  should  be  begun  at  nine  to 
ten  months  and  be  complete  when  the  child  is  one  yeTold  When 

accustomed 'to*  if  fofsTateT  (ToTthaV'"^  Tt  ^  >“S 

SLMS!  -  - 

*?££££$  Zhmt  °fh°,diff g  T’s  milk-  0ne 

“  Top  milk  -  shouid  contain  about  7  p  fnt  T  ?°le  ™'k' 
using  the  upper  half  of  averaee  milk  1  f  *  d  1S  obtained  by 

rich  milk,  after  the  cream  has  risen  Wh  l  T  /  W°'thirds  of  verY 

used  more  extensively  because  of  tho  °  ?  mi  k  formulas  are  being 
sition.  7  aUSG  °f  the  neater  uniformity  of  compo- 

The  amount  of  water  irv  +u  pi 
the  total  amount  of  food  given  the*  in‘faT  U  Z 
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the  infant  is  likely  to  vomit;  while  if  too  little  is  supplied,  under¬ 
nourishment  will  result.  No  definite  rules  can  be  laid  down  for 
infant  feeding;  the  weight,  age,  vigor,  etc.,  of  the  child  must  be  studied 
in  each  case. 

Hess  states  (11)  that  an  infant  should  receive  1^  to  2  ounces  of 
milk  in  dilution  for  each  pound  of  body  weight;  this  would  supply 
about  1|  to  2  grams  of  protein  per  pound  of  weight.  Children 
should  be  supplied  with  definite  amounts  of  energy  in  their  foods, 
as  follows: 

Average  infant  under  two  months  30  to  45  calories  per  pound  body  weight 

“  “  over  “  “  45  to  55  “ 

Thin  “  under  “  “  50  to  65  “ 

“  “  over  “  “  55  to  70  “  “  “ 

Milk  sugar  is  generally  added  to  make  up  the  deficiency  in  carbo¬ 
hydrates.  Cane  sugar  may  be  used,  according  to  Holt,  but  in  this  case 
the  amount  required  is  only  about  two-thirds  as  great  as  in  the  case 
of  milk  sugar.  Maltose  and  dextrin  are  very  useful  as  a  source  of  sugar, 
the  former  being  especially  easy  to  digest  and  slightly  laxative.  If 
either  of  these  is  used  to  replace  milk  sugar,  the  amount  used  should  be 
increased  by  about  one-fourth. 

The  following  table,  adapted  from  Holt,  (10)  indicates,  in  general, 
the  method  of  modifying  4  per  cent  whole  milk  for  normal  infants. 


Formulas  with  4  Per  Cent  Whole  Milk  (Holt)  (10) 


Age. 

Birth. 

to 

1  Wk. 

1  to 

2 

Wks. 

2  to 

3 

Wks. 

3  to 

4 

Wks. 

4  to 

5 

Wks. 

5  to 

7 

Wks. 

7  to 

9 

Wks. 

9  to 

11 

Wks. 

11  to 

13 

Wks. 

3  to 

4 

Mos. 

4  to 

5 

Mos. 

5  to 

6 

Mos. 

ti  to 

8 

Mos. 

8  to 

10 

Mos. 

Milk,  oz. 
Sugar, oz. 
Water, 

6 

I 

14 

el 

i 

13J 

7 

I 

13 

74 

1 

124 

8 

1 

12 

84 

1 

114 

9 

1 

11 

94 

1 

4 

]0J 

10 

i 

10 

11 

4 

9 

12 

4 

8 

13 

4 

7 

14 

4 

6 

154 

i 

44 

Flour, 

table¬ 

spoons 

0 

0 

0 

0 

0 

0 

0 

4 

1 

14 

14 

14 

2 

2 

Total .  . 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Flour:  Barley,  oat,  rice,  wheat  or  arrowroot,  cooked  for  half  an 
hour  in  part  of  the  water.  If  top  milk  is  used,  use  one-third  to  one- 

fourth  less  milk  in  each  formula.  ,  , . 

Of  the  above  formulas,  approximately  the  following  amounts  are  . 
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Amount  and  Frequency  of  Feedings  (Holt)  (10) 


Number  of 

Quantity  of  Food  in  Ounces. 

Age. 

Feedings  in 

24  Hours. 

Each  Feeding. 

24  Hours. 

OH  7t.h  Ha  vs . 

7 

1-2 

7-14 

9rl— 3H  week  . 

7 

h|N 

CO 

1 

Cl 

14-24 

4fh-fit,h  week . 

7 

3-4 

21-28 

7th  week-3d  month . 

7 

3  5-5 

25-35 

3d-4th  month . 

6 

4H 

27-36 

4th-6th  month . 

6 

5§-6§ 

33-39 

6th-l2th  month . 

5 

7-8 

35-40 
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CHAPTER  III 

MILK  AND  PUBLIC  HEALTH 


Bacteria  are  often  called  both  friends  and  foes  of  the  dairy  industry . 
Certain  types  are  useful  in  the  manufacture  of  special  pi  oducts,  w here 
desirable  flavors  are  produced  by  bacterial  growth.  In  the  field  of 
market  milk,  however,  bacteria  are  always  foes;  they  sour  milk,  pro¬ 
duce  unpalatable  flavors,  and  may  be  the  cause  of  sickness  and  death. 
The  latter  point,  namely,  the  relation  of  milk  to  public  health,  is  of  the 
utmost  importance.  Our  greatest  efforts,  in  the  laboratory  and  in  the 
field,  have  been  directed  toward  the  protection  of  market  milk  from  bac¬ 
terial  invasion  and  multiplication. 

For  a  great  many  years  it  has  been  recognized  that  there  is  a  close 
association  between  dirty,  carelessly  handled  milk  and  human  health. 
This  belief  was  held  even  before  bacteriology  was  developed  to  prove 
the  case.  Modern  research  has  shown  us  that  specific  bacteria  cause 
specific  disease;  and,  furthermore,  we  now  know  that  these  disease- 
producing  bacteria  may  be  carried  in  milk.  Fortunately,  milk-borne 
epidemics  are  relatively  few;  but  those  that  occur  cause  needless  suf¬ 
fering  and  death,  and  nothing  should  be  left  undone  to  prevent  them. 
It  is  undoubtedly  the  case  that  numerous  epidemics  have  been  laid  to 
milk  where  milk  was  not  actually  the  causative  agent.  It  is  not  suf¬ 
ficient  to  find  a  large  number  of  cases  among  the  customers  of  one  dairy ; 
the  ratio  of  disease  cases  to  the  amount  of  milk  delivered  must  be  ascer¬ 
tained.  It  is  necessary  also  to  trace  the  infection  to  its  source  and  find 
the  contaminating  agency,  before  the  fault  can  be  surely  attributed  to 
milk.  Other  foods  and  water  ingested  by  the  stricken  ones  must  also 
be  carefully  investigated. 

Tiask  (1)  has  tabulated  260  milk-borne  epidemics  and  has  compiled 
240  more  reported  by  others.  Their  history  goes  back  as  far  as  1857. 
Savage  reports  a  milk-borne  diphtheria  epidemic  occurring  in  England 

in  1878.  Of  the  epidemics  tabulated  by  Trask,  the  following  incidence 
was  observed : 

Typhoid  fever . 

Scarlet  fever .  ~ 

Diphtheria .  23 

Septic  sore  throat .  _ 


23 


260 
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Armstrong  and  Parran  (2)  have  taken  Trask’s  figures  and  brought 
them  up  to  January  1,  1927,  as  shown  in  Table  8. 

TABLE  8 

Recorded  Milk-borne  Outbreaks  (All  Types)  in  the  United  States  by  Five- 
year  Periods,  January  1,  1881,  to  January  1,  1927 


Years. 

Outbreaks. 

Years. 

Outbreaks. 

1881-1885 . 

3 

1911-1915 

238 

1886-1890 . 

14 

1916-1920 

130 

1891-1895 . 

26 

1921-1925. 

130 

1896-1900 . 

33 

1926 . 

12 

1901-1905 

60 

1906-1910 . 

145 

Total . 

791 

“The  decrease  since  1914  is  probably  due,  in  part  at  least,  to  im¬ 
provement  in  the  quality  of  our  milk  supply.  *  *  * 

“When  we  consider  the  magnitude  of  the  milk  industry  and  the 
value  of  its  product  to  the  public,  this  considerable  collection  of  milk- 
borne  illnesses  herein  reported  shrinks  in  comparison  and  offers  no 
adequate  grounds  for  advising  any  general  curtailment  in  the  use  of 
milk  and  its  products.  Yet  the  occurrence  of  milk-borne  diseases  is  a 
challenge  to  health  authorities,  milk  producers,  and  milk  handlers,  and 
demands  correction. ” 

TUBERCULOSIS 

There  is  now  little  doubt  that  bovine  tuberculosis,  or  tuberculosis 
of  cattle,  can  infect  the  human  family.  Schroeder,  one  of  the  foremost 
authorities  on  bovine  tuberculosis,  states  (3)  that,  “  tuberculosis  among 
dairy  cows  is  one  of  the  greatest  dangers  to  which  public  health  is  exposed, 
and  that  every  effort  should  be  made,  by  those  who  have  the  welfare  of 
humanity  at  heart,  to  correct  this  great  evil.”  Park,  Krumweide  and 
co-workers  declare  (4)  that,  “  a  careful  study  of  all  the  factors  leads  us 
to  estimate  that  about  10  per  cent  of  all  deaths  caused  by  tuberculosis, 
in  children  under  five  years  of  age,  is  due  to  infection  through  drinking 
raw  cow’s  milk.”  This  statement  was  made  after  a  careful  study  of 
1042  cases  of  tuberculosis  in  children,  where  the  bovine  type  of  organism 
was  found.  In  1038  of  the  cases  the  bovine  type  was  found,  while  in 
4  cases  both  bovine  and  human  types  occurred.  Tuberculosis  in  very 
young  children  is  frequently  of  the  bovine  type  and  is  most  often  found 
in  the  digestive  system  and  as  cervical  adenitis.  This  strongly  sup¬ 
ports  the  statement  that  tuberculosis  is  frequently  due  to  the  ingestion 

of  infected  milk.  #  , 

The  bovine  and  the  human  tubercle  bacilli  differ  in  morphology ;  and 

this  fact  led  earlier  investigators  to  assume  that  they  were  separate  and 
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distinct.  The  theory  has  been  advanced  that  the  bovine  type  of  organ¬ 
ism,  when  taken  into  the  human  system,  undergoes,  in  time,  certain 
changes  due  to  altered  environment,  until  it  assumes  the  human  type. 
Indeed,  Von  Behring  states  that  adult  tuberculosis  is  frequently  the 
result  of  early  infection  which  has  lain  dormant  for  some  time.  In  this 
way,  the  bovine  type  of  organism  might  be  introduced  into  the  digestive 
tract  of  an  infant.  After  remaining  dormant  for  a  long  time,  perhaps 
for  years,  the  organism  might  work  its  way  through  the  tissues  and 
appear  as  the  human  type  in  another  part  of  the  body. 


TYPHOID  FEVER,  SCARLET  FEVER,  DIPHTHERIA  AND  SEPTIC  SORE 

THROAT 

A  number  of  cases  and  outbreaks  of  typhoid  fever,  scarlet  fever, 
diphtheria  and  septic  sore  throat  have  been  traced  directly  to  infected 
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cases  in  the  diseases  studied.  Where  milt  TT  6'6  Cent  of  the 
deaths  were  only  3.2  per  cent  of  tl  wa®  the  carrier  of  infection, 

per  cent  of  the  eases.  Milk-borne  scarlet  fev7 


26 


MILK  AND  PUBLIC  HEALTH 


had  a  death  rate  only  one-half  as  high  as  all  scarlet  fever  cases.  On  the 
other  hand,  there  was  an  average  of  deaths  per  100  cases  of  milk- 
borne  septic  sore  throat,  compared  to  2  deaths  per  100  general  cases 
of  the  same  disease.  Capps  and  Miller  (5)  investigated  an  epidemic 
of  septic  sore  throat  occurring  in  Chicago  in  1911.  They  estimate  that 
fully  10,000  persons  were  afflicted  and  that  87  per  cent  of  the  cases 
investigated  took  milk  from  one  dairy. 

Foot-and-Mouth  Disease. — The  following  extract  from  Farmers’ 
Bulletin  666,  U.  S.  Department  of  Agriculture,  (6)  describes  the  method 
of  infection  with  foot-and-mouth  disease,  an  ailment  of  cattle  which, 
fortunately,  is  infrequently  communicated  to  man  in  this  country. 

“  Foot-and-mouth  disease  is  primarily  and  principally  a  disease  of 
cattle;  secondarily  and  casually,  a  disease  of  man.  It  is  transmissible 
to  man  through  the  eating  or  drinking  of  raw  milk,  buttermilk,  butter, 
cheese,  and  whey  from  animals  suffering  from  foot-and-mouth  disease. 
It  is  also  transmitted  directly,  though  more  rarely,  from  the  salivary 
secretions  or  other  infected  material  which  may  gain  entrance  through 
the  mucous  membrane  of  the  mouth.  It  is  doubtful  whether  the  dis¬ 
ease  can  be  transmitted  to  man  by  cutaneous  or  subcutaneous  inocula¬ 
tion,  though  it  is  probable  that  the  infection  may  be  communicated  if 
the  virus  directly  enters  the  blood  through  wounds  of  any  kind.  Chil¬ 
dren  are  not  infrequently  infected  by  drinking  unboiled  milk  during  the 
periods  in  which  the  disease  is  prevalent  in  the  neighborhood,  while 
persons  in  charge  of  diseased  animals  may  become  infected  through 
contact  with  the  diseased  parts  or  by  milking,  slaughtering,  or  caring 
for  the  animals. 

“  Veterinarians  who  have  had  considerable  experience  with  the 
disease  among  animals  regard  the  human  affection  as  by  no  means 
uncommon  in  countries  where  foot-and-mouth  disease  prevails,  but  the 
disturbance  of  health  is  usually  too  slight  to  come  to  the  notice  of  the 
family  physician. 

“  But  few  outbreaks  of  the  disease  have  occurred  in  the  United 
States,  and  therefore  cases  of  its  transmission  to  man  in  this  country 

are  quite  rare.”  . 

Undulant  Fever.  Malta  Fever. — The  following  statement  is  from 

Hasseltine  :  (16) 

“  For  the  purpose  of  this  discussion  the  term  ‘  undulant  fever  : 
includes  Malta  fever  and  all  other  febrile  disturbances  caused  by 
infection  with  a  member  of  the  bacterial  genus  Brucella 

“  Twenty-four  years  ago  undulant  fever  made  its  debut  into  Amer- 
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ican  medical  circles  when  Craig  reported  the  first  case  of  Malta  fever  in 
the  United  States. 

*  *  * 

“  in  1918  Evans  called  attention  to  the  fact  that  the  organism  caus¬ 
ing  Malta  fever  was  practically  identical  with  that  causing  infectious 
abortion  of  cattle.  This  announcement  caused  numerous  laboratory 
investigators  to  repeat  the  work  of  Miss  Evans  and,  when  it  was  con¬ 
firmed,  there  was  speculation  as  to  infection  of  human  beings  with 
the  organism  of  infectious  abortion  until  Keefer  (in  1924)  reported  a 
case  of  Malta  fever  which  was  proved  by  positive  blood  culture  to  be 
due  to  the  abortus  organism. 

*  *  * 


“As  to  the  amount  of  undulant  fever  in  the  United  States,  we  have 
no  reliable  statistics,  as  the  disease  is  not  reportable  in  some  States, 
and  has  been  reportable  only  a  short  time  in  others.  Laboratory 
workers  have  conducted  serological  surveys  by  applying  the  aggluti¬ 
nation  test  using  Br.  abortus  as  antigen,  to  all  serums  submitted  for 
Wassermann  or  Widal  tests.  The  results  have  been  quite  variable  in 
different  States,  owing  partly  to  a  difference  in  the  agglutination  titer 
that  each  laboratory  requires  before  a  positive  result  is  recorded,  and 
partly  to  a  true  difference  in  prevalence.  These  results  vary  from 
0.6  per  cent  to  7.5  per  cent  according  to  the  titer  considered  necessary 
for  a  positive  report. 

“  In  a  questionnaire  sent  to  different  State  laboratories  Hardy  col¬ 
lected  information  up  to  January  1,  1929.  In  1928,  40  States  reported 
560  positive  results;  in  1927,  18  States  reported  194  positive;  in  1926, 
7  States  reported  34  positive.  These  figures  represent  persons  whose 
serum  showed  agglutinins  for  Brucella  melitensis  or  Brucella  abortus. 
An  attempt  to  ascertain  the  number  of  clinical  cases  reported  in  the 
literature  since  January  1,  1927,  has  been  only  partially  completed 
but  has  revealed  over  300  cases  reported. 


h,lm‘JeJn0W  C0,TUiVe';'  Uttle  0f  the  Pathol°gy  of  the  infection  in 
!  ,  t  „  gs'.  Whether  the  infection  with  the  types  of  Brucella 

yetTnown  “  Path°logy  from  that  of  melitensis  is  not 
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At  the  present  time  it  appears  that  there  are  at  least  three  strains 
of  the  Brucella  genus  that  may  cause  undulant  fever.  These  are  known 
as  the  caprine,  bovine,  and  porcine  strains.  Huddleson  has  assigned 
to  each  a  specific  name,  the  caprine  strain  being  Brucella  melitensis , 
the  bovine  strain  Brucella  bovis,  and  the  porcine  strain  Brucella 
suis. 


*  *  * 

The  fact  that  British  soldiers  and  sailors  seemed  to  get  Malta  fever 
from  goat's  milk  has  probably  led  us  to  believe  that  most  undulant 
fever  is  contracted  through  milk.  While  a  goodly  proportion  of  cases 
in  the  United  States  have  no  other  reasonable  explanation,  there  are 
many  cases,  especially  in  rural  districts,  that  may  be  due  to  contact 
with  infected  animals.  For  instance,  a  farmer  may  have  infectious 
abortion  present  in  his  cows  and  he  uses  a  portion  of  the  milk  produced 
on  his  place.  There  is  a  tendency  to  attribute  such  farmer’s  attack 
of  undulant  fever  to  infected  milk.  But  the  fact  that  in  rural  sections 
the  fever  attacks  about  five  males  to  one  female  suggests  that  the 
men  are  more  exposed  to  infection  than  the  women.  This  is  brought 
up  not  as  an  argument  that  the  disease  may  not  be  milk-borne,  but 
to  emphasize  the  point  that  we  should  consider  all  possible  sources 
of  infection,  particularly  when  two  or  more  exist  in  connection  with 
any  individual  case.” 

The  U.  S.  Bureau  of  Animal  Industry  gives  as  its  opinion  that: 

“  We  are,  therefore,  encouraged  to  believe  that  it  is  only  when 
milk  becomes  infected  with  Bad.  abortus  possessed  of  an  unusual  kind 
or  degree  of  virulence  that  it  can  cause  undulant  fever  and  that  the 
usual  type  of  the  microorganism  met  with  in  milk  is  relatively  harmless 
for  man.  Of  course  it  is  possible  that  milk  containing  an  unusually 
large  number  of  the  microorganisms,  even  though  of  the  usual  type, 
such  as  from  a  single  cow  whose  udder  is  grossly  infected,  may  cause 
the  disease,  especially  in  highly  susceptible  persons. 

“  It  appears,  therefore,  though  Bad.  abortus  does  at  times  cause 
undulant  fever  in  man,  that  the  number  of  cases  reported  bears  a 
very  small  proportion  to  the  number  of  people  exposed  through  con¬ 
suming  raw  infected  milk  and  that  a  considerable  number  of  reported 
cases  have  acquired  the  disease  through  contact  with  infected  animals, 
especially  swine.” 
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The  foregoing  statements  indicate  very  clearly  that  cows’  milk  may 
be  a  factor  in  the  causation  of  undulant  fever;  but  from  present  indica¬ 
tions  it  is  not  wise  to  over-emphasize  this  until  more  evidence  is  available. 
There  is  no  cause  for  undue  alarm.  On  the  other  hand,  every  practic¬ 
able  step  should  be  taken  to  eradicate  abortion  disease. 


GASTRO-INTESTINAL  DISORDERS 

Certain  gastro-intestinal  disorders  of  young  children  have  been 
ascribed  to  dirty  milk.  These  disorders  are  commonly  called  “  cholera 
infantum  “  diarrhea,”  or  “  summer  complaint.”  It  is  an  established 
fact  that  such  diseases  of  infants  are  much  more  frequent  in  summer 
when,  because  of  hot  weather,  milk  has  a  higher  bacterial  content. 
Undoubtedly  much  of  the  blame  rests  on  sources  other  than  milk.  Lack 
of  intelligent  care,  when  the  child’s  resistance  is  weakened  by  the  sum- 
mei  s  heat,  has  much  to  do  with  the  question.  Fly  contamination  of 
food,  bottles,  nipples,  etc.,  also  plays  a  part.  Milk,  however,  is  by  no 
means  blameless;  there  is  a  close  association  between  milk  of  high  bac¬ 
terial  content  and  infant  morbidity  and  mortality;  and  when  the  purity 

of  milk  supplies  is  improved  there  is  usually  a  reduction  of  infant  mor¬ 
tality. 

Several  theories  have  been  advanced  to  explain  the  relation  of  milk 
to  diarrheal  diseases  of  infants.  Large  numbers  of  miscellaneous 
bacteria,  bacteria  of  the  colon  type,  and  specific  but  as  yet  unknown 
bacteria,  have  all  been  suspected;  but,  unfortunately,  there  is  no 
reliable  proof  of  any  of  these  theories.  Infants  cannot  readily  be  experi¬ 
mented  upon,  for  obvious  reasons,  and  experiments  with  other  animals 
do  not  give  sufficient,  data  on  this  point  for  application  to  humans 

^d  Hott  mm°h  *  rtiDS  °bservations  are  those  reported  by  Park 
tions^n  190  and°i902  t  nUmber  of  “-workers,  conducted  investiga- 

sources.  From  results  obtained  the  ;  f  iact''na  from  general 

of  organisms  from  ^d£T  f°Und  that  11  types 

bore  a  close  resemblance  to  bacteria  from  milk^KU^  5  ^7”,  ^ 
cultures  of  139  varieties  of  bacteria  but  1]  &  "  Were  fed  with 

illness  and  death.  The  observers  did  t  b  °ne  culture  produced 

any  specific  variety  of  bacteria  and  the  health 
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Tho  children  observed  were  in  the  following  age  groups  : 
Under  six  months,  340. 

Seven  to  twelve  months,  265. 

A  little  over  twelve  months,  47. 

The  general  condition  of  the  milk  used  was  as  follows: 


Condensed  milk — sweetened. 

20,000,000  bacteria  per  cubic  centimeter  the  first  summer 
3,000,000  “  “  the  second  summer 

^  400,000  “  “  in  winter 

Bottled  milk — 500,000  bacteria  per  cubic  centimeter. 

2,000,000  bacteria  per  cubic  centimeter  before  pastuerizing 
500  “  “  after  pastuerizing 

5  “  “  “  boiling 


Store  milk 


Milk  from  Central  j 
Distributing  Station  | 


The  following  tables  show  the  number  of  infants  fed  the  different 
classes  of  milk;  and  also  the  results: 


Winter 


Kind  of  Milk. 

Did 

Well. 

Did 

Fairly. 

Did 

Badly. 

Died. 

Totals. 

Store  milk . 

47 

6 

2 

0 

55 

Condensed  milk . 

39 

5 

2 

2 

48 

Good  bottled  milk . 

51 

13 

1 

3 

68 

Milk  from  Central  Distributing  Station. . 

35 

20 

4 

0 

59 

Best  bottled  milk . 

5 

0 

1 

0 

6 

Breast . 

7 

1 

0 

1 

9 

Totals  (excluding  duplications) . 

156 

41 

8 

6 

211 

Summer 


Kind  of  Milk. 

Did 

Well. 

Did 

Fairly. 

Did 

Badly. 

Died. 

Total. 

Store  milk . 

21 

23 

20 

15 

79 

Condensed  milk . 

22 

20 

14 

14 

70 

Good  bottled  milk . 

37 

23 

29 

9 

98 

Milk  from  Central  Distributing  Station. 

84 

33 

24 

4 

145 

Best  bottled  milk . 

9 

3 

0 

0 

12 

17 

7 

7 

0 

31 

Totals  (excluding  duplications) . 

184 

108 

88 

41 

421 

The  authors  note  that  in  winter  93  per  cent  good  results  were 

obtained;  while  in  summer  only  69  per  cent  were  favorable.  Further- 
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more,  there  was,  in  the  winter,  only  1  death  connected  with  disorders  of 
the  digestive  tract.  During  the  summer  periods,  32  of  the  41  deaths 
were  caused  by  diarrheal  diseases.  Most  of  the  cases  showing  bad 
results  were  from  store  milk  of  high  bacterial  count.  The  authors  reach 
the  general  conclusion  that  milk  containing  over  1,000,000  bacteria  per 
cubic  centimeter  is  harmful  to  infants. 

A  very  interesting  relation  between  clean  milk  and  gastro-intestinal 
disorders  in  older  persons  has  been  noted  at  the  United  States  Naval 
Sick-days  from  Gastro-intestinal  Disorders  at  the 
U.  S.  Naval  Academy 

Figures  at  Left  Represent  the  Percentage  of  Sick-days  Based 
on  attendence  on  the  First  of  the  Month 

30  Oct.  Nov,  Dec.  Jan.  Feb.  Mar.  Apr.  May  June  July  Aug.  Sept, 


3  yr.  Average  after  Dairy  was  Installed 
Oct.  L,  1911  to  Oct.  1,  1914 


F‘°-  3  _Chatt„tSHati0n,betW?er  ^  mi,k  “Wfr  sickness  from 
gastro  intestinal  disorders  at  the  U.  S.  Naval  Academy. 

(8>  PreVi°US  to  °Ct0ber>  1911> the  Academy 

outbreak  ^hoTd'oLtd  S*  ,In  **  M  °f  1910 

bv  milt-  ti  a  ,  occurrcd  whlch  was  reported  to  have  been  carried 

-  -  *”  *  -  -iis  its; 
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shows  the  three-year  average  of  sick  days  from  gastro-intestinal  dis¬ 
orders  before  and  after  the  dairy  was  installed.  It  can  be  readily  seen 
that  such  disorders  were  greatly  diminished  when  a  pure  milk  supply 
was  secured.  An  even  better  showing  has  been  made  in  later  years. 
While  milk  may  not  have  been  wholly  responsible  for  this  improvement, 
presumptive  evidence  is  strongly  in  favor  of  the  benefit  of  clean  milk. 


SOURCES  OF  INFECTION 

Milk  is  infected  through  three  principal  channels,  namely, 

1.  Direct  bovine  infection. 

2.  Direct  or  semi-direct  human  infection. 

3.  Indirect  infection. 

In  a  relatively  small  proportion  of  cases,  bovine  infection,  in  tuber¬ 
culosis,  is  due  to  a  diseased  udder.  Schroeder  has  shown  that  the  bacillus 
of  tuberculosis  is  frequently  excreted  in  the  feces  of  diseased  animals; 
under  ordinary  dairy  practice,  particles  of  manure  may  be  splashed, 
sprayed  or  otherwise  introduced  into  milk,  thus  infecting  it  with  the 
bovine  tuberculosis  bacillus.  It  has  already  been  stated  that  foot-and- 
mouth  disease  and,  in  the  case  of  goats,  Malta  fever  may  pass  directly 
from  the  animal  into  the  milk. 

Certain  streptococcic  infections  of  cows’  udders  have  been  suspected 
as  the  source  of  infection  in  human  cases  of  scarlet  fever  and  septic 
sore  throat.  Capps  and  Miller,  (5)  in  their  investigation  of  the  Chicago 
outbreak  of  septic  sore  throat,  found  that,  of  the  cows  supplying  milk 
to  the  dairy  under  suspicion,  4.6  per  cent  had  mastitis,  or  infected  udders. 
It  is  quite  possible  that  a  very  careful  study  of  dairy  herds  in  general 
would  reveal  a  similar  percentage  of  like  cases.  At  the  present  time 
there  is  not  sufficient  scientific  proof  at  hand  to  warrant  the  statement 
that  streptococcic  udder  infections  of  cows  are  responsible  for  specific 
diseases  of  man. 

Direct  human  infection  of  the  milk  supply  is  well  established. 
Milkers  or  milk-handlers  suffering  from  mild  or  “  walking  ”  cases  of 
infectious  diseases  are  the  chief  cause.  Bacteria  or  infectious  material 
may  be  introduced  into  milk  from  their  hands,  either  during  milking  or 
in  handling  milk  utensils.  In  typhoid  fever  particularly  has  this  been 
observed.  Persons  who  have  apparently  recovered  from  this  disease 
may  harbor  bacteria  in  their  bodies  for  years.  These  bacteria  are 
excreted  in  the  urine,  and  contaminate  the  hands  of  the  milker.  Such 
people  are  called  “  carriers.”  Perhaps  the  most  remarkable  case  was 
that  noted  by  Bolduan  and  Noble  (9)  in  New  York,  where  a  typhoid 
epidemic  of  several  hundred  cases  was  traced  back  through  the  country 
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shipping  station  to  a  certain  dairyman  who  had  been  a  typhoid  carrier 
for  forty-six  years.  Cumming  (10)  also  reported  an  occurrence  of 
typhoid  among  consumers  of  ice-cream  which  had  been  infected  by  a 
carrier. 

Indirect  human  infection  may  come  through  persons  who  have  been 
in  contact  with  cases  of  an  infectious  disease  and  carry  contagion  from 
the  patient  to  the  milk.  Harrington  (11)  reports  a  milk-borne  scarlet 
fever  epidemic  around  Boston,  which  caused  485  cases  in  five  days 
among  patrons  of  one  dairy.  The  infection  was  traced  to  a  dairyman 
whose  daughter  was  sick  with  scarlet  fever,  and  who  had  himself  some 
light  symptoms. 


Other  indirect  means  of  infection  are  water  supplies  and  flies.  An 
examination  (12)  of  the  water  supply  on  sixty  dairy  farms  selected  at 
random  around  the  District  of  Columbia,  showed  that  only  25  per  cent 
were  satisfactory  from  a  sanitary  standpoint.  In  Minnesota,  seventy- 
nine  water  supplies  were  examined;  twenty  were  good  and  fifty-nine 
polluted— practically  the  same  percentage  as  in  the  District  of  Columbia 
report.  Water  supplies  may  be  contaminated  by  surface  drainage  from 
privies,  barnyards,  hog-pens,  etc.,  or  by  underground  water  from  the 
same  sources,  when  the  earth  strata  permit  Thompson  (13)  described 
typhoid  fever  resulting  from  the  use  of 
a  well  which  had  been  infected  from  a 
privy.  Geiger  (14)  also  notes  a  typhoid 
epidemic  traced  to  polluted  water.  The 
contamination  of  milk  by  water  supplies 
usually  occurs  through  the  washing  of 
dairy  utensils  which  are  not  thereafter 
properly  sterilized.  There  is  also  a  pos¬ 
sibility  of  cows  wading  in  polluted 
water;  in  such  cases  bacteria  may  adhere 
to  the  udder  and  subsequently  fall  into 
the  milk  pail. 

Flies  may  carry  infectious  material 
from  unscreened  privies  to  the  stable 
or  milk  house.  Fig.  4  shows  one  of 
the  pads  on  a  fly’s  foot  which  holds 
dirt  and  bacteria  in  the  network  of  hairs. 

infectious  as  contomtating  ScTes^ 


Fig.  4. — Photomicrograph  of  a 
hairy  pad  from  fly’s  foot 
showing  bacteria-laden  dirt 
held  in  network  of  fine  hairs 
Photo  by  E.  A.  Shuster,  Jr 
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MINIMIZING  DANGER  OF  MILK  INFECTION 

Careful  inspection  of  dairy  establishments,  together  with  constant 
laboratory  control,  can  reduce  milk  infection  greatly.  The  tuberculin 
test  for  dairy  cattle  is  reliable  and  accurate  and  practically  eliminates 
bovine  tubercular  infection  from  milk.  Where  milk  is  sold  for  con¬ 
sumption  in  its  raw  state,  every  milk-handler  on  dairy  farms  and  in  city 
plants  should  undergo  frequent  and  thorough  medical  examination. 
As  such  examination  is  not  often  possible  in  a  general  milk  supply,  pas¬ 
teurization  has  been  adopted  very  generally.  Even  in  pasteurizing 
plants,  however,  employees  should  have  medical  examinations  to  pre¬ 
vent  recontamination  of  the  milk.  So  far  as  the  authors  know,  there 
has  never  been  an  outbreak  of  infectious  disease  traced  to  properly 
pasteurized  milk.  In  several  epidemics  due  to  raw  milk,  proper  pas¬ 
teurization  of  the  supply  under  suspicion  has  resulted  in  a  speedy  sub¬ 
sidence  of  new  cases  and  a  disappearance  of  the  epidemic.  Pasteuriza¬ 
tion  will  be  discussed  at  greater  length  in  another  chapter. 

CERTIFIED  MILK 

In  1889  the  Medical  Society  of  New  Jersey  started  a  movement  to 
encourage  the  production  of  a  high-grade  raw  milk,  especially  suited 


Fig.  5. — Dairy  buildings  suitable  for  the  production  of  Certified  Milk. 


for  infant  feeding.  This  effort  resulted  in  the  establishment,  in  1893,  of 
the  first  dairy  for  the  production  of  “  certified  milk.”  (15)  At  the  present 
time  there  are  about  178  certified  dairies  under  the  supervision  of 
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approximately  eighty-eight  medical  milk  commissions.  These  com¬ 
missions  are  usually  selected  by  county  medical  societies,  but  sometimes 
this  function  is  delegated  to  state  or  municipal  boards  of  health. 

In  1912  the  American  Association  of  Medical  Milk  Commissions 
adopted  official  methods  and  standards  for  the  production  and  distribu¬ 
tion  of  certified  milk  (amended  June  24,  1930).  These  rules  comprise 
sixty-eight  regulations,  covering  health,  housing,  and  feeding  of  cows; 
milking  and  caring  for  the  milk;  water  supplies  and  toilets;  health  of 
employees;  and  bacteriological  and  chemical  standards  for  the  milk 
itself.  In  general,  these  regulations  require:  Tuberculin  test  and 
physical  examination  of  cattle;  medical  inspection  of  employees;  small 
top  milking  pails,  sterilized  utensils;  prompt  cooling  to  between  32 
and  50  F. ;  bacterial  counts  below  10,000  per  cubic  centimeter;  fat  con¬ 
tent  averaging  4.0  per  cent,  with  a  minimum  of  3.5  per  cent;  and 
freedom  from  coloring  matter  and  preservatives. 
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CHAPTER  IV 


CHEMISTRY  AS  APPLIED  TO  MARKET  MILK 


COMPOSITION 


The  chemical  composition  of  normal  cow’s  milk  varies  throughout  a 
rather  wide  range.  It  is  affected  by  a  number  of  factors,  which  will  later 
be  discussed  at  some  length.  The  following  table  shows  the  average 
analysis  of  milk,  as  compiled  from  the  results  reported  by  seven  American 
and  one  English  investigator: 


Average  Composition  of  Cow’s  Milk 

Water .  87.17  percent 

Fat .  3.74  << 

Casein .  2.87  “ 

Albumen . 55  “ 

Sugar: .  4 .94  “ 

Ash .  72  “ 


Solids 

‘  12.83  per  cent 


Total . 100.00  “ 

The  greatest  variations  reported  by  investigators  in  this  country  are 
as  follows:  J 


Constituent. 

Minimum. 
Per  Cent. 

Water. 

82.0 

Fat. .  . 

2  3 

Casein  and  albumen. 

2.5 

Sugar.  .  .  . 

3.5 

Ash .... 

.6 

Maximum 
Per  Cent. 


90.0 

7.8 

4.8 
0.0 

.9 


things,  such  as  gases  and  enzyme's"  PreSeDt  “  C6rtain  other 

PROPERTIES  OF  CONSTITUENTS 

acid^'M^exisfekin'm^^^^  triglycerides  of  various  fatty 

Race  (1)  gives  the  size  of  fat  globules  as  v!frv  -g  °^U  es  of  varYlnS  size. 
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Jersey  and  Guernsey  cows  contains  larger  fat  globules  than  that  from 
Holsteins  or  Ayrshires.  Individual  animals  also  differ  in  this  respect, 
and  generally  the  size  ol  the  fat  globules  diminishes  as  a  cow  advances 
in  her  lactation  period. 

Microphotographs  of  over  21,000  fat  globules  in  75  milk  samples 
have  been  made.  It  was  found  that  the  mean  diameter  of  2,727  Jersey 
fat  globules  was  3.34  microns  with  a  standard  deviation  of  1.33  microns; 
of  14,853  fat  globules  of  Holstein  milk  2.5  and  1.19  microns;  and  of 
3,490  Ayrshire  fat  globules,  2.34  and  1.16  microns. 

Race  (1)  gives  the  following  properties  of  milk-fat: 

Specific  gravity . 9094- .  9140 

Refractive  index  at  35°  C .  1  455-1 . 4586 

Melting-point .  28°  C.-36°  C. 

Solidifying  point .  21°  C.-27°  3. 

Reichert- Wollny  value .  25-27 

Iodine  absorption .  31-35 

Caloric  value .  9.231  calories  per  gram 


Two  groups  of  fat  are  found  in  mixture  in  milk-fat.  They  are  the 
volatile  and  non-volatile.  The  non-volatile  fats  are  the  “  base  ”  fats 
and  comprise  about  four-fifths  of  the  total  fat  volume.  Chief  among 
this  group  are  olein  and  palmitin.  The  volatile  fats  play  a  large  part 
in  the  production  of  both  desirable  and  undesirable  flavors  of  milk  and 
milk  products. 

All  of  the  fats  are  combinations  of  glycerin  and  acids;  thus,  olein  is  a 
combination  of  glycerin  and  oleic  acid.  Browne  (2)  gives  the  follow¬ 
ing  percentages  of  fatty  acids  as  found  in  milk: 


N  on-volatile: 

Percentage 

Oleic . 

.  33. 

95 

Palmitic . 

.  40 

.51 

Myristic . 

.  10. 

.44 

Stearic . 

.  1 

.91 

Dioxystearic . .  . 

.  1 

.04 

Volatile: 

Percentage 

Butyric  .  .  .  . 

.  6.23 

Lauric . 

.  2.73 

Caproic  .  .  .  . 

.  2.32 

Caprylic . .  . . 

. 53 

Capric . 

. 34 

In  connection  with  these  figures,  it  is  well  to  remember  that  there 
has  been  some  difference  of  opinion  concerning  this  subject.  For 
instance,  at  least  two  writers  place  lauric  acid  in  the  non-volatile  group. 
Milk-fats  are  the  chief  constituents  of  butter. 

The  chief  proteids  of  milk  are  the  casein  and  albumen ;  in  addition, 
traces  of  globulin  and  mucoid  proteid  are  usually  found,  but  are  not  in 
sufficient  quantities  to  warrant  further  discussion. 

Casein  comprises  about  five-sixths  of  the  nitrogenous  constituents 
of  milk.  It  is  a  phospho-protein  which  exists  in  milk  as  a  salt.  The 
free  casein  itself  is  insoluble  in  water  and  when  pure  is  generally  seen 
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as  a  white  powder  without  flavor  or  odor.  The  casein  in  milk  does  not 
coagulate  with  heat,  but  when  set  free  by  acidification  of  the  milk  it  is 
thrown  out  of  its  solution  as  the  “  acid  curd.”  By  the  digestive  action 
of  rennet  or  pepsin,  paracasein  is  formed,  which,  with  the  calcium  of 
milk,  forms  a  curd  of  the  type  found  in  cheese-making. 

Albumen,  the  other  proteid  constituent,  is  also  a  white  powder, 
without  odor  or  flavor,  but  is  found  in  solution  in  milk.  Its  properties 
differ  somewhat  from  those  of  casein;  it  does  not  coagulate  with  acids 
or  the  ferments,  such  as  rennin,  but  it  does  coagulate  when  heated  above 
158°-160°  F. 


Milk  sugar,  or  lactose,  is  a  whitish  powder,  which  is  found  in  solution 
in  milk.  Aside  from  its  food  value,  its  main  importance  is  due  to  the 
fact  that  it  is  the  source  of  lactic  acid.  At  optimum  temperatures 
(75°-95°  F.),  certain  types  of  bacteria  split  milk  sugar  into  dextrose 
and  galactose,  which  are  in  turn  changed  into  lactic  acid.  In  fresh  milk 
there  is  little  or  no  lactic  acid.  When  two-tenths  of  1  per  cent  of  acid 
has  developed,  milk  is  unsafe  commercially  for  use  in  pasteurizing,  con- 
ensing,  etc.  At  about  three-tenths  of  1  per  cent,  a  sour  taste  becomes 
noticeable,  and  the  development  of  acid  goes  on  until  nearly  1  per  cent 
of  acid  is  reached,  when  the  production  of  acid  ceases,  because  of  the 
inhibitory  effect  of  the  acid  on  the  causative  bacteria. 

Ash  or  mineral  matter,  is  present  in  milk  in  small  quantities.  It 
represents  the  residue  left  when  milk  solids  are  incinerated,  and  is  often 

inmilk0  n  t  n  MoSt  of  the  salts  are  held  in  solution 

n  milk,  but  some  are  held  in  fine  suspension.  The  ash  comprises  the 

oSX  Tk0'  mIIk’but  is  very  largely  in  combination  with 

3s  milk  glVCS  the  f°ll0wing  analysis  of  ash  in 


Cow’s  Milk.  Analysis  op  Ash  (Richmond)  (10) 


Lime .  ^*er  Cent. 

M agnesia .  .  20.27 

Potash .  .  2.80 

Soda .  28.71 

Phosphoric  acid .  9.67 

Chlorine .  .  29  •  33 

Carbon  dioxide  14.00 

Sulphuric  acid.  -97 

Ferric  oxide. .  trace 

.  .40 

Total .  . 

Less  oxygen  =  Cl  . 103.15 

.  3.15 


100.00 
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Cow’s  milk  contains  a  larger  percentage  of  nearly  all  the  minerals 
than  does  the  milk  ot  the  human  mother.  Only  one  constituent,  iron,  is 
an  exception.  Lane-Clay pon  (3)  states  that  “  the  iron  content  of 
human  milk  is  from  two  to  three  times  as  great  as  that  of  cow’s  milk.” 1 

OTHER  SUBSTANCES  IN  MILK 

Milk  contains  several  other  substances  besides  the  chemical  constit¬ 
uents  already  named.  Among  these  are  lecithin,  gases,  enzymes  and 
bacteria. 

Lecithin  is  a  nitrogenous,  ether-soluble  substance  found  only  in 
minute  quantities  and  possessing  little  or  no  interest  to  the  student  of 
milk. 

Gases  are  absorbed  from  the  air  during  milking,  the  chief  ones  being 
oxygen,  nitrogen  and  carbon  dioxide.  When  milk  stands  for  a  time, 
the  oxygen  diminishes  and  carbon  dioxide  increases. 

Enzymes  have  never  been  separated  out  in  a  pure  condition,  and 
therefore  very  little  is  known  about  them.  We  do,  however,  know 
something  of  the  work  they  do  and  classify  them  accordingly.  They 
are  very  wonderful  substances.  Minute  quantities  can  produce  con¬ 
siderable  chemical  change  in  milk  without  apparently  suffering  any 
change  themselves. 

Examples  of  enzymic  action  may  be  seen  in  the  coagulation  of  milk 
by  rennet.  The  chief  enzymes  found  in  milk  are  amylase,  galactase, 
catalase,  peroxidase,  reductase,  lipase,  and  lactokinase. 

RELATION  OF  MILK  SOLIDS  TO  THEIR  CONSTITUENTS 

Lythgoe  (4)  records  interesting  observations  after  analyzing  large 
numbers  of  samples  of  milk  of  known  purity. 

Fat  to  Solids. — He  reports  the  percentage  of  fat  in  the  solids  of 
Jersey  milk  as  38,  and  in  Holstein  milk  as  27.  The  highest  rate  found 
was  47.4  per  cent  in  a  sample  of  Jersey  milk,  and  the  lowest  25  per  cent 
in  a  sample  from  a  Holstein. 

Solids  and  Protein. — Protein  comprises  about  25  per  cent  of  the  solids 

and  is  fairly  constant  in  this  relation. 

Solids  and  Ash. — The  ash  being  nearly  constant,  its  percentage 
relation  to  the  solids  increases  as  they  diminish.  In  Jersey  milk  the  ash 
is  4.9  per  cent  of  the  solids,  while  in  Holstein  milk  it  is  5.7  per  cent. 

Solids  and  Sugar— In  Jersey  milk  the  sugar  is  about  30  per  cent  of 

the  solids,  while  in  Holstein  milk  it  is  40  per  cent. 

Protein-Fat  Ratio— Lythgoe  ranges  his  ratios  from  1  :  0.61  to 
1  :  0.86,  while  he  reports  Van  Slyke’s  range  as  1  :  0.64  to  1  :  0.87. 

1  Reprinted  by  permission  of  Longmans,  Green  &  Co.,  N.  Y. 
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Lythgoe  says,  “  there  seem  to  be  three  groups  of  cows  according  to  the 
protein-fat  ratio,  those  of  the  Jersey  type  with  the  protein-fat  ratio 
below  0.7,  those  of  the  Holstein  type  with  the  protein-fat  ratio  above 
0.85,  and  the  balance  of  the  breeds  with  a  protein-fat  ratio  about  0.8.” 1 

RELATION  OF  FAT  TO  SOLIDS-NOT-FAT  AND  TOTAL  SOLIDS 

In  comparing  normal  milks  of  different  richness,  it  is  apparent  that 
as  the  percentage  of  fat  increases  the  solids-not-fat  also  increase,  but 

Fat.  (Percent ) 


3.00 


i 

.2  - 

1  - 

0 

9  - 

0^ 

3 

C> 

— 

y — 

) 

— 

'ig.  6. 

— Cu 

rve  s 

lnu-i  i 

- -  ru  normal  milk. 

not.  in  the  same  ratio.  For  examnln  • 

is  accompanied  by  an  increase  of  loss’  th  miCreaSe  of  1  Per  cent  in  fat 
fat.  Various  investigators  have  ron  V™  PGF  CCnt  *n  solids-not- 
but  these  reports  have  varied  Ti ™lation  of  fat  to  solids, 

chart  has  been  prepared  to  summarize  the  fi'rf  The  fo*low>ng  original 
large  numbers  of  analyses  Tt  i  i  ,  !  findings  of  those  who  report 

Lythgoe  (4)  and  from  *»Mow  and  Troy  (5) 

1710  analyses  supplied  the  author  h*  P  COr",r>ll;itlon'  as  well  as  some 

1  Reprinted  by  permissioiw^  Tr  "  Milk  Com- 

V  permission  of  Jour,  of  Indust,  and  Eng.  Chom. 
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pany.  Altogether  the  figures  represent  analysis  of  over  250,000  samples. 
The  curve  in  Fig.  6  was  plotted  from  these  data  and  is  believed  to 
represent  very  accurately  the  relation  of  fat  to  solids-not-fat  in  average 
milk. 

According  to  this  chart,  the  following  relations  are  representative* 

TABLE  9 

Relation  of  Fat  to  Other  Solids  in  Milk 


Fat. 

Solids-not-fat. 

Solids. 

Ratio  Fat  to 
Solids-not-fat. 

3.0 

8.33 

11.33 

1 

:  2.77 

3.1 

8.40 

11.50 

1 

2.71 

3.2 

8.46 

11.66 

1 

2.64 

3.3 

8.52 

11.82 

1 

:  2.58 

3.4 

8.55 

11.95 

1 

:  2 . 52 

3.5 

8.60 

12.10 

1 

:  2.46 

3.6 

8.65 

12.25 

1 

:  2 . 40 

3.7 

8.69 

12.39 

1 

:  2.35 

3.8 

8.72 

12.52 

1 

:  2 . 30 

3.9 

8.76 

12.66 

1 

:  2 .25 

4.0 

8.79 

12.79 

1 

:  2 . 20 

4.1 

8.82 

12.92 

1 

:  2. 15 

4.2 

8.86 

13.06 

1 

:  2. 11 

4.3 

8.89 

13.19 

1 

:  2.07 

4.4 

8.92 

13.32 

1 

:  2 . 03 

4.5 

8.95 

13.45 

1 

:  1.99 

4.6 

8.98 

13.58 

1 

:  1.95 

4.7 

9.01 

13.71 

1 

:  1.92 

4.8 

9.04 

13.84 

1 

:  1.88 

4.9 

9.07 

13.97 

1 

:  1.85 

5.0 

9.10 

14.10 

1 

:  1.82 

It  will  be  noted  that,  in  milks  rich  in  fat,  the  ratio  of  fat  to  solids-not- 
fat  is  higher  than  in  poor  milk.  Indeed,  this  ratio  seems  to  rise  in 
mathematical  sequence  as  the  fat  increases.  From  Table  9  it  will  be 
seen  that  the  “fat  to  solids-not-fat  ratio”  increases  approximately  as 
follows:  In  milk  having  fat  from  3.0  to  3.6  per  cent,  .06  for  every  .1 
per  cent  fat;  3.6  to  4.1  per  cent  fat,  .05  for  each  .1  per  cent  fat;  4.1  to  4.6 
per  cent  fat,  .04  for  each  .1  per  cent  fat,  and  4.6  to  5  per  cent  fat,  .03 

for  each  .1  per  cent  fat. 
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RATIO  OF  COMPONENTS  IN  SOLIDS-NOT-FAT 

W.  G.  Savage  (7)  quotes  Vieth  as  giving  the  following  ratio  of  the 
components  in  the  solids-not-fat: 


Sugar .  U 

Protein .  9 

Ash .  2 


FACTORS  INFLUENCING  CHEMICAL  COMPOSITION  OF  MILK 

Many  factors  influence  the  chemical  composition  of  milk.  Some  of 
them  affect  the  relation  of  the  various  solids  to  each  other,  while  others 
influence  the  character  of  the  solids,  causing  changes  in  the  size  and 
hardness  of  the  fat  globules,  etc.  There  follows  a  brief  discussion  of 
factors  in  the  first  group  only,  which  are  the  most  important  ones  in  a 
discussion  of  market  milk. 

Breed. — Cattle  of  different  breeds  produce  milks  which  differ  in 
composition.  For  instance,  the  milk  of  the  Channel  Island  breeds 
is  characterized  by  relatively  high  percentages  of  fat  and  solids. 

Snyder  (8)  gives  the  following  as  the  average  composition  of  milk 
from  the  leading  breeds  of  dairy  cattle : 


Breed. 

Total 

Solids. 

Fat. 

Casein. 

Sugar. 

Ash. 

Holstein-Friesian .  . 

12.39 

3.46 

3.39 

4.84 

74 

Ayrshire . 

13.06 

3.57 

3.43 

5.33 

70 

Jersey . 

15.40 

5.61 

3.91 

5  15 

74 

Guernsey . 

14.60 

5.12 

3.61 

5.11 

.75 

Other  authorities  give  varying  analyses,  some  higher,  some  lower. 
_n  examination  of  available  data  given  by  leading  chemists  and  by 
the  State  Experiment  Stations  in  this  country  gives  the  following 
average  for  fat  and  solids:  ^ 


Breed. 

Fat. 

Solids-not-fat. 

Total  Solids. 

Jersey . 

Guernsey . .  . 

5.23 

A  nr 

9.46 

14.69 

Ayrshire . . . 

^ .  yo 

Q  ^7 

9.43 

14.38 

Holstein .... 

o  .0/ 

Q  or 

9.03 

12.70 

Shorthorn.  . 

o .  o5 

8.59 

11.94 

*Dutch  Belted. 

o.78 

9.04 

12.82 

*  Brown  Swiss. .  . 

o .  40 

8.91 

12.31 

*  Reports  from  only  one  source. 

o .  oz 

8.99 

12.61 
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Volume  of  Milk.  It  may  be  said  in  general  that  cows  producing 
large  quantities  of  milk  show  a  lower  percentage  of  fat  and  solids.  This 
holds  true  as  regards  breeds  and  individuals  within  the  breeds. 

Stage  of  Lactation.  Soon  after  the  lactation  period  begins,  the  per¬ 
centage  of  fat  and  other  solids  decreases  slightly,  until  somewhere 
between  the  sixth  and  ninth  months  when  it  increases  until  the  end  of 
lactation.  At  the  end  of  the  lactation  period,  the  fat,  protein,  ash  and 
total  solids  are  higher  than  at  the  beginning;  but  the  sugar  is  lower, 
according  to  at  least  one  investigator.  Tables  10  and  11  show  results 
obtained  in  two  investigations: 


TABLE  10 

Average  Milk  Composition  by  Four-week  Periods.  All  Breeds 


(Eekles  and  Shaw)  (9) 


Period. 

1 

2 

3 

4 

5 

6 

7 

Total  protein . 

3.25 

3.06 

3.06 

3.13 

3.25 

3.25 

3.32 

Fat . 

4.00 

3.85 

3.79 

3.77 

3.82 

3.79 

3.83 

Sugar . 

4.87 

4.84 

4.94 

4.82 

4.80 

4.75 

4.88 

Total  solids . 

12.74 

12.26 

12.29 

12.24 

12.35 

12.50 

12.61 

Period. 

8 

9 

10 

11 

12 

13 

14 

Total  protein . 

3.32 

3.57 

3.83 

3.89 

4.08 

4.34 

Fat . 

3.85 

3.97 

4.11 

4.22 

4.54 

4.66 

5.08 

Sugar . 

4.83 

4.62 

4.55 

4.74 

4.91 

4.50 

5.01 

Total  solids . 

12.70 

12.78 

13.16 

13.46 

14.04 

14.23 

15.29 

TABLE  11 

Average  Composition  by  Lactation  Periods 
(Lythgoe)  (4) 


Period. 

1  Month. 

2-5  Months. 

6-9  Months. 

10-15  Months. 

Average. 

So]ids  . 

12.70 

3.98 

2.93 

.73 

4.90 

12.76 

3.97 

3.19 

.74 

4.86 

13.03 

4.14 

3.43 

.75 

4.71 

13.15 

4.22 

3.43 

.76 

4.75 

12.89 

4.06 

3.29 

.75 

4.81 

Fat,  . 

Protein  . 

/\  sh  . 

Sugar  . 
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In  the  constituents  themselves,  the  most  marked  phenomenon  is 
the  change  in  the  size  of  the  fat  globules.  Eckles  and  Shaw  state  that 
the  fat  globules  are  very  large  immediately  after  calving.  The  size 
declines  sharply  during  the  first  six  weeks  and  then  remains  fairly  con¬ 
stant  for  five  or  six  months.  After  this  the  decline  is  much  more  rapid 
to  the  end  of  the  lactation  period.  This  explains  the  difficulty  in  raising 
cream  or  churning,  often  met  with  in  milk  of  cows  far  advanced  in  lac¬ 
tation. 

Colostrum. — The  foregoing  discussion  of  changes  in  milk  during  the 
period  of  lactation  does  not  indicate  a  condition  which  exists  at  calving 
time  and  immediately  thereafter.  When  the  calf  is  dropped,  the  cow 
gives,  for  a  certain  period,  a  substance  called  “  colostrum,”  or  “  beast- 
ings,”  which  is  especially  suited  to  the  new-born  animal.  It  contains  a 
large  amount  of  solids  and  is  laxative  in  its  effect.  In  normal  milk, 
albumen  is  found  in  smaller  quantity  than  any  of  the  other  nutritive 
elements,  but  in  colostrum  it  is  the  chief  solid.  In  colostrum,  the  sugar 
is  lower  and  the  mineral  constituents  higher  than  in  normal  milk.  After 
parturition,  the  milk  gradually  returns  to  normal  condition,  which  is 
reached  in  two  to  ten  days.  The  time  varies  with  different  individuals. 


TABLE  12 

Analyses  of  Colostrum 


(Eugling) 


Immediately 

After 

Calving. 

10  Hours. 

24  Hours. 

48  Hours. 

72  Hours. 

Specific  gravity.  .  .  . 
Total  solids .... 

1.068 

26.83 

1.046 

21.23 

4.28 

9.32 

4.66 

1.42 

1.043 

1.042 

1.035 

Casein .... 

19.37 

14.19 

13.36 

Albumen.  .  .  . 

^  .  DO 

16.56 

4.50 

3.25 

3.33 

Fat . 

6.25 

2.31 

1.03 

Sugar . 

O  .  Oo 

4.75 

4.21 

4.08 

Ash . 

o .  uu 

1.18 

2.85 

3.46 

4.10 

- - - 

1 .55 

1.02 

.96 

_ 

.82 

PalmertTl)*  determinedly  ^ 

COW  did  not  exert  an  influence  toward  abnormality' ^th  a  dairy 

of  milk  or  the  physical  and  chemical  constat! f u  r  COmpositlo« 
contrary,  it  tended  to  correct  abnormal*' ^  ^  ?f,  milk'fat*  On  the 
advancing  lactation.  1  tles  and  dela^  Ganges  due  to 
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Underfeeding.— The  same  authorities  (12)  found  that  underfeeding 
dairy  cows  generally  resulted  in  a  marked  increase  in  both  the  yield 
and  percentage  of  fat  and  in  some  cases  in  a  decrease  in  the  percentage 
of  total  protein,  casein  and  ash.  The  lactose,  or  milk  sugar,  was  not 
affected  to  any  appreciable  degree.  The  effect  of  underfeeding  on  the 
milk-fat  was  a  marked  reduction  in  the  saponification  value  and  Reich- 
ert-Meissl  number  and  an  increase  in  the  iodine-absorption  value.  The 
authors  state  that  other  unknown  factors  probably  exert  some  influence 
on  these  changes. 

Change  from  Underfeeding  to  Liberal  Feeding  —Wing  took  seven 
cows  that  had  been  underfed  and  gave  them  a  liberal  feed.  He  suc¬ 
ceeded  in  increasing  the  fat  percentage  .25,  an  increase  of  6  per  cent  over 
the  original  test. 

Quality  of  Feed. — Numerous  attempts  have  been  made  to  increase 
the  percentage  of  single  constituents  of  cow’s  milk  by  feeding.  So  far 
no  results  have  been  obtained  which  indicate  that  any  considerable 
permanent  changes  can  be  made  by  any  method  of  feeding.  Fat  being 
the  most  valuable  constituent  of  milk,  most  of  the  effort  has  been 
directed  toward  its  increase.  Wing  fed  cows  relatively  large  amounts  of 
suet,  without  perceptibly  raising  the  percentage  of  fat  in  the  milk. 

It  has  often  been  claimed  that  watery  feeds  would  lower  the  fat 
percentage,  but,  except  in  one  instance,  no  scientific  proof  of  this  has 
been  offered.  Green  rye  and  pasture  grass  have  been  said  to  influence 
low  tests,  but  this  has  not  been  substantiated.  Turner,  Shaw  and  others 
found  that  very  watery  rations,  comprising  turnips,  wet  beet  pulp  and 
green  crimson  clover,  had  no  effect  on  the  percentage  of  fat  or  other 
constituents  in  milk.  Furthermore,  varying  amounts  of  drinking  water 
supplied  to  cows  failed  to  affect  the  chemical  composition  of  their 
milk.  (13) 

The  single  noteworthy  exception  along  this  line  is  found  in  the 
experiments  of  Woodward,  Turner  and  Griffith.  (14)  In  this  work,  vary¬ 
ing  amounts  of  prickly  pear  were  fed  to  dairy  cows.  The  prickly  pears 
had  an  average  water  content  of  91.3  per  cent  and  were  fed  in  amounts 
up  to  150  pounds  per  cow  per  day.  Heavy  feeding  of  this  substance 
increased  the  quantity  of  milk,  but  decreased  the  yield  and  percentage  of 
fat.  The  larger  the  amount  of  prickly  pear  fed,  the  greater  was  the 
reduction  in  the  fat  percentage  of  the  milk.  During  the  first  year  of 
the  experiment,  cows  which  were  fed  hay  as  a  roughage  had  an  average 
test  of  4.53  per  cent  fat;  when  a  medium  amount  of  prickly  pear  was 
fed,  the  test  was  4.31  per  cent;  and  when  pears  were  fed  heavily,  the 
fat  test  was  3.92  per  cent.  Even  greater  differences  were  noted  in  the 
second  and  third  years  when  other  roughages  replaced  the  hay. 
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Fatness  at  Time  of  Parturition. — Eckles  reports  that  the  percentage 
of  fat  in  milk  is  influenced  to  a  marked  extent,  for  the  first  twenty  or 
thirty  days,  by  the  fatness  of  the  cow  at  parturition.  This  effect  may 
continue  to  be  exerted  for  as  long  a  time  as  three  months.  Underfeeding 
after  parturition  seems  necessary  in  order  to  obtain  an  abnormal  fat 
percentage. 

Variations  in  Individual  Cows. — Different  animals,  even  within  the 
same  breed,  vary  considerably  in  the  chemical  composition  of  their  milk. 
Indeed,  variations  between  individuals  of  the  same  breed  are  often 
greater  than  the  differences  between  breeds.  In  addition  to  this,  indi¬ 
vidual  cows  will  vary  the  composition  of  their  milk  even  under  normal 
conditions.  Eckles  and  Shaw  (15)  made  a  thorough  study  of  seven 
cows  to  determine  individual  variations.  The  following  results  were 
obtained : 

Protein.  The  greatest  variation  in  one  cow  was  from  3.19  per  cent 
to  2.55  per  cent,  or  a  variation  of  .64.  No  sample  varied  more  than 
.3  from  the  average  for  the  animal,  and  90  per  cent  of  the  samples  varied 
less  than  .2  from  the  average. 

Sugar.  The  greatest  individual  variation  was  from  5.46  per  cent 

to  4.54,  or  a  variation  of  .92.  Ninety  per  cent  of  the  samples  varied 
less  than  .2  from  the  average. 


Fat.  The  greatest  individual  variation  was  from  4.15  per  cent  to 
7  per  cent,  or  a  variation  of  2.48.  Only  56  per  cent  of  the  samples 
•e  within  .3  of  the  average  and  4.6  per  cent  varied  more  than  .9  from 


the  average. 


Morning’s  and  Evening’s  Milk 


Time  Drawn.  Protein.  Sugar.  Fat. 

Per  Cent.  Per  Cent.  Per  Cent. 


A.M. 

P.M. 


3  346  5.102 

3 • 334  4 . 984 


4.096 

3.732 
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In  this  experiment  all  five  cows  gave  a  lower  sugar  percentage  in 
the  evening’s  milk,  and  4  out  of  the  5  a  lower  fat  percentage  in  the 
evening.  These  results  are  borne  out  by  South  Australian  investi¬ 
gators,  (16)  who  reporta  fat  test  .18  per  cent  higher  in  the  morning’s 
milk  than  in  the  evening’s. 

Eckles  and  Shaw  state  that  animals  milked  three  or  four  times  daily 
showed  greater  variations  in  fat,  but  no  appreciable  variations  in  the 
other  constituents.  The  highest  fat  percentage  was  found  in  milk 
drawn  near  the  middle  of  the  day. 

Periods  between  Milkings. — When  periods  between  milkings  are 
unequal,  it  is  nearly  always  true  that  a  higher  fat  percentage  is  found  in 
milk  drawn  after  the  short  period.  The  South  Australian  source  already 
quoted  states  that  when  the  cows  were  milked  at  6.  a.m.  and  3:30  p.m. 
the  evening  milk  contained  1.09  per  cent  more  fat  than  the  morning’s 
milk. 

Influence  of  Season. — Averages  of  many  analyses  seem  to  show  that 
the  fat  and  solids  of  milk  are  lowest  in  the  late  spring  and  early  summer 
months.  This  may  be  partially  due  to  the  fact  that,  throughout  the 
country,  large  numbers  of  cows  freshen  in  the  spring,  because  dairymen 
prefer  to  produce  the  bulk  of  their  milk  when  pasture  is  available. 

Richmond  (10)  places  the  lowest  fat  percentage  in  May  and  June  and 
the  highest  in  October  and  November.  He  finds  the  lowest  total 
solids  in  April,  May,  June  and  July  and  the  highest  in  October  and 
November.  Lythgoe  finds  somewhat  similar  variations,  but  it  will  be 
noticed  that  the  variation  in  fat  in  individual  cows  is  much  less  than  in 
herds,  thus  supporting  the  contention  that  spring  freshening  has  a 
downward  effect  on  herd  tests. 


TABLE  13 

Analysis  of  Milk  by  Seasons 
(Lythgoe)  (4) 


Season 

Solids. 

Per  Cent. 

Fat. 

Per  Cent. 

Protein. 

Per  Cent. 

Ash. 

Per  Cent. 

Sugar. 

Per  Cent. 

Herd. 

Indi¬ 

viduals. 

Herd. 

Indi¬ 

viduals. 

Herd. 

Indi¬ 

viduals. 

Herd. 

Indi¬ 

viduals. 

Herd. 

Indi¬ 

viduals. 

Winter  (Dec.-Feb.) ..  . 
Spring  (Mar. -May) . . . 
Summer  (June-Aug  ). . 
Fall  (Sept. -Nov.) . 

13.23 

12.87 

12.39 

12.85 

13.16 

12.72 

12.46 

12.79 

4.20 

4.14 

3.73 

3.94 

4.24 

4.00 

3.97 

3.97 

3.41 

3.13 

3.15 

3.37 

3.39 

3.16 

3.18 

3.28 

.76 

.73 

.75 

.74 

.75 

.75 

.77 

.73 

4.88 

4.92 

4.71 

4.80 

4.80 

4.78 

4.55 

4.84 
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Age  of  Cow. — Apparently  the  only  influence  of  the  age  of  the  cow 
on  the  composition  of  her  milk  is  that  the  fat  percentage  is  a  trifle 
higher  in  young  cows.  Eckles  and  Palmer  (17)  state  that  Jerseys  have 
the  highest  percentage  of  fat  in  one  of  the  first  three  lactation  periods — 
usually  the  second  or  third;  Holsteins  almost  invariably  show  the  highest 
fat  in  the  first  lactation  period;  and  Ayrshires  most  often  in  the  first. 
They  further  declare  that  the  age  of  the  cow  produces  no  abnormalities 
of  milk  composition,  neither  does  it  affect  the  physical  nor  chemical 
constants  of  milk-fat.  In  their  observations,  one  cow  in  her  nineteenth 
year  in  test  was  farrow  and  had  been  in  milk  864  days.  Butter  made 
from  a  nineteen^ear-old  cow  was  good  and  kept  well. 

Stage  of  Milking.  It  is  well  known  that  the  last  milk  drawn  from  a 
cow,  called  the  “  strippings/’  is  richer  in  fat  than  previous  portions. 
Van  Slyke  gives  the  following  result  as  the  average  from  three  cows: 

Part  of  Milking. 

First  drawn . 

Second  drawn . 

Third  drawn . 

Fourth  or  strippings 


Fat  Per  Cent. 
1.37 
3.02 
4.82 
8.73 


Eckles  and  Shaw  made  detailed  analyses  with  the  following  results: 


Part  of  Milking. 


"Fore”  milk. 
Strippings.  .  . 


Protein. 

Sugar. 

Fat. 

Ash. 

Solids- 

Total 

Per 

Per 

Per 

Per 

not-fat. 

Solids. 

Cent. 

Cent. 

Cent. 

Cent. 

Per 

Cent. 

Per 

Cent. 

3.58 

5.30 

1 .87 

.75 

8.80 

10.67 

3.38 

5.33 

6.28 

.70 

8.58 

14.86 

Relative 
Size  of  Fat 
Globules. 


139 

215 


-2S  £ — — 
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have  noted  that  in  frenernl  ,  secreted.  Some  writers 

percentage  of  sugar  and  protein  i/milk™  k^T3’’  ‘°  decrease  the 
there  is  a  decrease  in  lactose  but  .,ni  ’  °ther  observers  state  that 
data  it  does  not  seem  likely  that  ve  ln  protein-  From  available 

upon  the  composition  o  '  /  ,/  Tl  ^ 

Sr :;;x:  -  iXTafiir 
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brown,  or  yellow  in  color,  and  contains  slimy  clots.  With  this  change 
in  physical  condition  come  marked  chemical  and  bacterial  changes. 
Udder  diseases  are  generally  characterized  by  a  milk  low  in  fat,  sugar 
and  total  solids,  but  high  in  protein  and  ash. 


TABLE  14 

Effect  of  Disease  on  the  Composition  of  Milk 
(Schaffer  and  Bondzynski) 


Disease. 

Total 

Solids. 

Fat. 

Lactose. 

Protein. 

Ash. 

Rat 

Protein 

Fat. 

ios. 

Lactose 

Protein. 

Non-infectious  garget . 

7.17 

.82 

.53 

4.01 

.79 

4.89 

.13 

Yellow  garget . 

10.66 

1.99 

1 .84 

6.00 

.83 

3.01 

.31 

Parenchymatous  mastitis.  . 

9.74 

2.16 

1.01 

4.21 

.99 

1.99 

.24 

Normal  milk . 

12.83 

3.74 

4.94 

3.43 

.72 

.91 

1.44 

Period  of  Heat. — There  seem  to  be  no  marked  changes  in  the  milk 
during  the  period  while  cows  are  in  heat.  Doane  (18)  studied  five 
cows  at  the  Maryland  station  and  found  nothing  noteworthy,  though 
two  of  the  animals  gave  a  slight  rise  in  fat  the  second  and  third  days. 
Other  observers  have  reported  marked  changes  in  individual  cows, 
usually  a  decrease  of  fat  and  an  increase  of  protein. 

Drouth. — Van  Slyke  (19)  notes  a  decrease  in  casein  and  in  the  casein- 
fat  ratio  during  periods  of  drouth.  His  figures  are  as  follows: 


Effect  of  Drouth  on  Milk  Composition 
(Van  Slyke) 


Month. 

Fat. 

Per  Cent. 

Casein. 

Per  Cent. 

Pound  Casein  for 
One  Pound  of  Fat. 

M  n.v  . 

3.58 

2.40 

.67 

June  . 

3.59 

2.33 

.65 

Inlv  . 

3.71 

2.20 

.59 

Alienist,  . 

4.04 

2.26 

.56 

Sfintpmhpr  . 

3.97 

2.47 

.62 

Opf.nhpr  . 

4.20 

2.69 

.64 

_ 
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SPECIFIC  GRAVITY  AND  WEIGHT 


The  specific  gravity  of  milk  is  the  weight  of  a  given  amount  com¬ 
pared  to  that  of  an  equal  volume  of  water  at  the  same  temperature. 
For  example,  milk  having  a  specific  gravity  of  1.032  weighs  1.032  times 
as  much  as  the  same  volume  of  water.  Richmond  (10)  states  that  milk 
from  individual  cows  may  be  found  with  specific  gravities  ranging  from 
1.0135  to  1.0397,  but  the  range  in  mixed  milk  of  herds  is  between  1.030 
to  1.034,  with  an  average  of  1.0322.  The  authors  of  this  book  believe 
that  these  limits  are  too  narrow  and  are  inclined  to  the  range  given  by 
Race,  which  is  1.0264  to  1.037  at  60°  F.  Skim  milk  has  a  specific  gravity 
of  about  1.037  or  1.038  at  60°  F. 

The  specific  gravity  of  milk  is  influenced  by  the  temperature  of  the 
milk  and  its  composition,  being  raised  when  the  temperature  is  lowered 
and  vice  versa.  Thus,  milk  having  a  specific  gravity  of  1.032  at  68°  F. 
would  have  a  specific  gravity  of  about  1.0328  at  60°  F.  Specific  grav¬ 
ities  are  always  taken  at  60°  F.  or  reduced  to  that  basis  before  being 
recorded. 


The  specific  gravity  is  increased  by  the  solids-not-fat  and  is  decreased 
by  the  fat.  This  is  because  the  solids-not-fat  are  relatively  heavy 
having  a  specific  gravity  of  about  1.5,  while  the  fat  is  lighter,  having  a 
specific  gravity  near  .93.  The  specific  gravity  of  the  total  solids  varies 
rom  about  1.25  to  1.34,  with  an  average  near  1.30.  Murray  (20) 
states  that  the  specific  gravity  of  milk  is  increased  4°  of  the  lactometer 
by  each  1  per  cent  of  solids-not-fat,  and  lowered  .8  of  a  lactometer 
degree  by  each  1  per  cent  of  fat.  He  gives  the  following  formula  ■  > 


G=iN-.8F, 
G  =  lactometer  degrees; 

A  =  solids-not-fat; 

F  =  fat. 


fat  3ouli  gi”^  C°ntainin8  4  PCT  Cent  fet  aDd  8JS  per  cent  s°lids-not- 

G=  (4X8.75)  —  (.8x4)  =  31.8. 

(7  =  31.8,  or  the  specific  gravity  would  be  1.0318. 

In  normal  milk  ranging  from  about  3  to  6  per  cent  fat  tb*  •  a 
of  the  sohds-not-fat  is  greater  than  tw  t  +u  r  1  tat'  the  lnfluence 

gravity  increases  as  the  per  cent  of  fat  ‘  °  ^  ^  S°  that  the  sPecific 

per  cent  of  fat  increases.  Above  6  per  cent,  an 

eprinted  by  permission  of  Longmans,  Green  &  Co.,  N.  Y 
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increase  of  fat  is  usually  secured  by  adding  cream,  which  reduces  the 
specific  gravity. 

When  milk  is  first  drawn  it  contains  air  bubbles.  In  about  one  hour 
these  are  dissipated,  and  the  specific  gravity  is  raised.  Then  the 
specific  gravity  rises  again,  this  rising  being  known  as  “  Recknagel’s 
phenomenon.” 

The  weight  of  milk  is  obtained  by  multiplying  its  specific  gravity 
by  the  weight  of  an  equal  volume  of  water  at  the  same  temperature. 
For  example: 


8 . 32823  pounds  =  weight  of  1  gallon  of  water  at  60°  F. 
1.032  =  specific  gravity  of  milk 


1665646 

2498469 

8328230 


8. 59473336  =  weight  of  1  gallon  of  milk  at  60°  F. 

The  following  table  shows  the  approximate  weights  of  milk,  cream 
and  skim  milk  at  60°  F.: 


TABLE  15 

Weight  of  1  Gallon  at  60°  F. 


Substance. 

Specific  Gravity. 

Weight  of 

One  Gallon. 
Pounds. 

Water . 

1.0000 

8.3282 

Skim  milk . 

1.0378 

8.6430 

Milk  (3-6  per  cent  fat) . 

1.0322 

8.5964 

Cream,  18  per  cent . 

1.0158 

8 . 4598 

“  20  “  . 

1.0138 

8.4432 

“  22  “  . 

1.0118 

8.4198 

“  25  “  . 

1.0088 

8.3949 

“  30  “  . 

“.  35  “  . 

“  40  “  . 

1.0048 

.9998 

.9958 

8.3682 

8.3266 

8.2933 

REFRACTIVE  INDEX 

The  refractive  index  is  well  described  by  Richmond,  (10)  who  says, 
“  When  light  passes  from  one  medium  to  another  it  only  passes  in.  a 
straight  line  when  it  falls  perpendicular  to  the  surface  separating  the  two 
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media.  If  it  passes  through  at  an  angle  to  the  surface,  it  is  bent  or 
refracted,  and  the  ratio  between  the  angle  made  by  the  path  of  the  ray 
with  the  perpendicular  to  the  surface  in  the  first  medium  and  the  angle 
made  by  the  path  in  the  second  medium  with  the  perpendicular  is  a 
constant;  the  ratio  of  the  sines  of  the  two  angles  is  known  as  the  index 
of  refraction.” 

The  refractive  index  is  measured  with  an  instrument  called  a  “  refrac- 
tometer,”  which  is  useful  in  detecting  adulterated,  especially  watered, 
milk. 


SPECIFIC  HEAT  OF  MILK 

Hammer  and  Johnson  (21)  define  specific  heat  as  follows:  “  The 
ratio  between  the  number  of  calories  required  to  raise  a  given  weight  of  a 
substance  through  a  given  temperature  interval  and  the  number  of 
calories  required  to  raise  the  same  weight  of  the  standard  substance 
through  the  same  temperature  interval  is  called  the  specific  heat  of  the 
substance.” 

The  specific  heat  of  a  substance  depends  on  its  chemical  nature  and 
physical  state.  Water  is  usually  taken  as  the  standard,  and  its  specific 
heat  is  expressed  as  1.  Table  16  is  taken  from  the  work  of  Hammer 
and  Johnson.  Their  figures  agree  very  closely  with  these  given  by 
Bowen.  (22) 


TABLE  16 

Specific  Heat  at  Various  Temperatures.  (Hammer  and  Johnson) 


Substance. 


Whey . 

Skim  milk . 

Whole  milk . 

15  per  cent  cream 

20  “  “  “ 

SO  “  “  “ 

45  “  “  “ 

60  “  “  “ 

Butter . 

Butter-fat . 


At  0C  C. 


At  15°  C. 


At  40°  C. 


At  60°  C. 


.978 

.940 

.920 

.750 

.723 

.673 

.606 

.560 

.512 

.445 


.976 

.943 

.938 

.923 

.940 

.983 

1.016 

1.053 

.527 

.467 


.974 

.952 

.930 

.899 

.880 

.852 

.787 

.721 

.556 

.500 


.972 

.963 

.918 

.900 

.886 

.860 

.793 

.737 

.580 

.530 


raise  its  n  ^  °  h“t  than  water'  re(>uires  heat  to 

verselv  , Cream.  recIulres  even  h*s  heat  than  milk.  Con- 

of  water  andlessT,  feratl0n  !°  C0°‘  milk  than  to  co°' a  hke  amount 
oi  water,  and  less  to  cool  cream  than  milk. 
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FREEZING  POINT 

The  freezing  point  of  milk  is  lower  than  that  of  water,  or,  in  other 
words,  it  takes  more  cold  to  freeze  milk  than  it  does  to  freeze  water. 
The  freezing  point  depends  on  the  composition  but  is  fairly  constant 
at  —0.55°  C.  Milk  low  in  solids  freezes  at  a  temperature  nearer  the 
freezing  point  of  water  and  vice  versa. 

The  constancy  of  the  freezing  point  is  used  for  the  detection  of 
watered  milk,  by  means  of  an  instrument  known  as  the  “  Cryoscope.” 
With  this  apparatus  the  freezing  point  of  a  given  sample  of  milk  is 
determined  and  the  amount  of  added  water  is  estimated  by  the  deviation 
from  the  normal. 


COHESION  AND  VISCOSITY 

AYhen  milk  cools  it  becomes  denser  and  adheres  more  closely  to 
materials  with  which  it  comes  in  contact.  Cold  milk  foams  more  readily, 
and  the  foam  lasts  longer.  Milk  also  increases  in  viscosity  after  being 
drawn  from  the  cow.  This  stickiness,  or  adhesive  quality,  is  due, 
according  to  Babcock  and  Russell,  (23)  to  the  sugar,  ash,  etc.,  which  are 
in  solution  in  the  milk  serum,  and  to  the  physical  state  of  the  fat,  casein 
and  insoluble  phosphate.  These  writers  state  that  nitrogenous  matter 
has  about  three  times  the  influence  of  sugar  upon  the  consistency  of 
normal  milk.  The  influence  of  the  fat  is  mechanical  and  is  due  to  the 
aggregation  of  the  fat  globules  into  clumps. 

Bowen  declares  that,  (22) 

At  86°  F.  the  viscosity  of  milk  is  1 . 7  times  as  great  as  water 

At  32°  F.  “  “  “  2.4 

At  32°  F  “  “  “  2.6  “  “  as  that  of  milk  at  86°  F. 

The  viscosity  of  milk  is  influenced  largely  by  the  following  factors: 


1.  Temperature. 

2.  Size  and  grouping  of  fat  clumps. 

3.  Effect  of  acid  on  the  casein. 

4.  Proportion  of  solids. 


Changes  in  viscosity  in  milk  and  cream  are  commonly  seen  in  dairy 
practice.  Cold  cream  pours  slowly  and  sticks  to  the  can ;  if  it  is  warmed 
it  loses  much  of  its  viscosity. 

The  centrifugal  force  used  in  separating  cream  breaks  apart  t 
clusters  of  fat  globules  and  diminishes  the  consistency  of  the  cream  te  a 
marked  degree.  When  milk  sours,  the  action  of  acid  precipitates  casci 
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in  tiny  clots  and  increases  its  consistency  greatly.  It  becomes  thick 
and  “  creamy.”  The  heating  of  milk  and  cream  daring  pasteurization 
breaks  up  the  fat  clumps  to  a  certain  extent  and  thus  decreases  viscosity. 

Pasteurized  cream  appears  thinner  than  raw  cream,  and  separated 
cream  has  less  body  than  gravity  cream  of  the  same  fat  percentage. 

COEFFICIENT  OF  EXPANSION 

Milk  expands  with  heat  and  contracts  with  cold.  Therefore,  a 
quantity  of  milk  which  has  a  given  volume  at  a  certain  temperature  will 
expand  and  occupy  a  greater  space  if  it  is  heated.  Conversely  it  will 
occupy  less  space  if  it  is  cooled.  This  change  in  volume  is  expressed  as 
the  “  coefficient  of  expansion.”  Table  17  shows  the  volume  of  milk 
and  cream  at  various  temperatures  compared  with  a  unit  volume 
(1.0000)  at  68°  F. 

TABLE  17 

Volume  of  Milk  and  Cream  at  Various  Temperatures  Occupied  by  Unit 

Volume  at  68°  F. 


(Bowen)  (22) 


Fat. 

Per  Cent. 

50°  F. 

60°  F. 

4 

.9975 

.9985 

20 

.9930 

.9975 

30 

.9915 

.9965 

40 

.9890 

.9950 

O 

O 

*>• 

80°  F. 

90°  F. 

1.0000 

1.0020 

1.0040 

1.0005 

1.0035 

1.0070 

1.0010 

1.0050 

1.0095 

1.0010 

1.0065 

1.0115 

COLOR 

Milk  contains  certain  substances  which  give  it  color,  the  yellow  color 
of  butter-fat  being  the  most  noticeable.  This  yellow  color  is  derived 
Ir°m  two  chief  classes  of  yellow  pigments  found  in  plants— carotins  and 
xanthophylls.  According  to  Palmer  and  Eckles,  (24)  carotin  is  the  main 

tZ'Z  rgT  I11 18  taken  int0  the  body  with  vegetation  eaten  by 
e  animal  and  is  subsequently  secreted  in  the  fat.  When  feeds  lacking: 

these  pigments  are  fed,  as  in  winter,  the  fat  loses  much  of  Hs  color 

res  green  grass  is  rich  in  carotin,  hence  the  yellow  color  of  milk  and 
butter  while  cows  are  on  nastn™  tu.  ,,  w ui  iniik  and 

whilp  tbpro  n  j  same  authorities  also  found  that 

“  are  breed  variations  «■  regards  the  normal  color  of  butter 

r  (vlS  Tortr  the  re  Var'ati0nS  Wh“  -  ted 

nig"  d  fat  h°rt  ^  PartUriti0n’  «"»  g-e  milk  having 

interf^eStlelLt  T/uf  ^  ^  ^ 

itn  the  passage  of  light,  by  the  casein  in  pseudo-solution. 
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DRUGS  AND  FOREIGN  SUBSTANCES 

It  has  been  noted  that  certain  drugs  and  medicines,  when  fed  to 
cows,  pass  through  the  body  and  are  found  in  the  milk.  Frohner  (25) 
reports  that  camphor,  turpentine,  camomile,  aloe,  arsenic,  lead  and  tar¬ 
tar  emetic  may  be  transmitted  to  milk,  sometimes  in  poisonous  quan¬ 
tities.  Mercury  and  copper  may  also  be  present  in  milk  in  sufficiently 
large  quantities  to  endanger  health.  Baum  (25)  corroborates  these  find¬ 
ings  and  adds  phenol,  iodine,  morphine,  belladonna  and  strychnine  to 
the  list  of  drugs  which  may  be  transmitted  in  milk.  Human  mothers 
who  use  certain  drugs  transmit,  in  their  milk,  toxic  doses  of  the  drug 
used,  and  infants  nursing  them  often  have  the  typical  symptoms  and 
reactions  of  drug  addicts. 


CELLS 

Cells  or  portions  of  cells  are  always  found,  even  in  normal  cow’s 
milk.  Some  of  these  cells  are  dead  or  dying  epithelial  cells  from  the 
gland  tissue,  others  are  leucocytes,  or  white  blood  corpuscles.  Epithelial 
cells  are  discharged  because  they  have  broken  down  in  the  process  of 
milk  secretion,  or  because  of  certain  diseased  conditions  of  the  gland. 
The  mode  by  which  blood  corpuscles  enter  the  milk  stream  has  never 

been  thoroughly  proved.  _ 

Writers  differ  as  to  the  exact  classification  and  significance  of  cells  in 
milk.  It  is  generally  conceded  that  the  greater  part  of  them  are  truly 
leucocytes,  while  a  small  proportion  are  epithelial  cells.  This  state¬ 
ment  is  borne  out  by  the  observations  of  Breed,  (26)  while  Race  (1) 
states  that  in  pathological  conditions  of  the  udder  most  of  the  cells  are 

l6U  The  largest  number  of  cells  are  found  in  colostrum.  During  the 
period  of  lactation  they  decrease,  but  they  increase  toward  the  close  of 
the  period  and  sometimes  become  as  abundant  as  m  the  colostrum. 
Breed  (26)  states  that  there  are  marked  daily  variations  in  the  ce 
discharged  by  individual  cows,  and  that  the  four  quarters  of  the  same 
udder  may  ™ry  as  greatly  as  different  udders.  The  reasons  for  these 

... .!»  -  —  * 

Lane-Claypon  quotes  (3)  Russel  and  Iloffman  as 

4  000  to  1  000  000  per  cubic  centimeter.  Savage  (7)  •  ,  . 

5o  l  to  ove;  1,000,000  per  cubic  centimeter  and  observes  . 
pathological  conditions  of  the  udder  cell  counts  as  high  as  200,000,000 
to  300,000,000  per  cubic  centimeter  have  been  o  >  am 
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Breed  (26)  examined  the  milk  of  122  cows  and  reported  as  follows: 


No.  Animals.  Cells  per  c.c. 

59  .  Under  50,000 

36  .  50,000  to  1,000,000 

27  .  Over  1,000,000 


Average .  868,000 

The  significance  of  cells  in  milk,  from  a  public  health  standpoint, 
is  still  at  issue,  but  Race  (1)  declares  that  mixed  milk  containing  over 
1,000,000  cells  per  cubic  centimeter  should  be  regarded  with  suspicion, 
the  assumption  being  that  udder  diseases  may  be  present. 
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CHAPTER  V 


BACTERIOLOGY  AS  APPLIED  TO  MARKET  MILK 
WHAT  BACTERIA  ARE 

Bacteria  are  minute  organisms  invisible  to  the  naked  eye.  There 
has  been  considerable  dispute  as  to  whether  they  belong  to  the  animal 
or  vegetable  kingdom;  but  it  is  now  thought  that  they  are  vegetable 
cells.  Bacteria  are  colorless  bodies  and  are  so  small  that  8  billion  of 
them  could  occupy  a  space  the  size  of  a  pin  head. 

Bacteria  are  normally  found  practically  everywhere;  they  are  in  the 
air,  water,  soil,  on  growing  grain,  in  the  bodies  of  animals,  etc.  They 
are  usually  found  in  relatively  small  numbers  in  milk  as  it  comes  from 
the  udder  of  the  cow. 


HOW  BACTERIA  GROW 

The  means  by  which  bacteria  multiply  is  quite  simple.  The  cell 
elongates,  becomes  constricted,  and  finally  separates,  forming  two  dis¬ 
tinct  individual  cells.  Under  very  favorable  conditions  this  process 
may  be  repeated  every  twenty  or  thirty  minutes.  However,  as  bac¬ 
teria  grow  they  elaborate  certain  by-products  which  after  a  time  renders 
the  medium  unfavorable  for  further  growth.  An  illustration  of  this  is 
found  in  the  ordinary  souring  of  milk.  When  the  bacteria  which  break 
down  milk  sugar  have  produced  a  certain  amount  of  lactic  acid,  the  milk 
becomes  unsuitable  for  the  further  growth  of  most  lactic  acid  organisms. 

ements  necessary  for  bacterial  growth  are  warmth,  moisture,  food 
and  oxygen.  While  some  bacteria  multiply  slowly  even  at  the  freezing 
point  and  some  multiply  at  150-160“  F„  a  temperature  of  about  70“  to 
.  IS  most  favorable.  The  temperature  at  which  an  organism 
grows  most  rapidly  is  called  the  “  optimum  »  temperature  fo“ 

as  meat'milkl6  Jf'r®ely  0"  0l|,!a"lc  m:lWer'  especially  on  substances  such 
as  meat  milk  and  eggs,  which  contain  considerable  protein  The  food 

upply  of  bacteria  must  furnish  nitrogen,  carbon  and  mineral  Saits  such 
as  phosphates,  sulphates,  chlorides  and  iron  ^nmo  i  l  ■’ 
derive  their  nitrogen  from  non-protein  substances.  °“ 
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Many  forms  of  bacteria  need  air  in  order  to  maintain  growth,  and 
are  therefore  termed  “  aerobic.”  Some  few  forms  will  not  grow  in  the 
presence  of  air,  and  are  called  “  anaerobic.”  Others  will  grow  either 
with  or  without  air  and  are  classed  as  “  facultative  anaerobic  ”  bacteria. 

Some  bacteria  have  “  spores,”  which  are  small  round  or  elliptical 
bodies  contained  within  the  organism.  These  spores  do  not  multiply; 
but  when  the  organism  is  subjected  to  unfavorable  influences,  it  disin¬ 
tegrates  and  releases  the  spore.  In  this  condition  the  spore  can  survive 
extreme  heat,  drying,  and  other  unfavorable  environment  for  many 
years.  If  it  is  again  placed  under  favorable  conditions,  the  organism 
begins  again  to  vegetate  and  reproduce  in  a  normal  manner. 

Some  years  ago,  the  theory  was  held  that  fresh  milk  contained  so- 
called  “  germicidal  properties.”  It  was  believed  that  some  substance 
was  present  which  killed  off  some  of  the  bacteria.  This  theory  was 
based  on  the  fact  that  the  bacterial  count  in  fresh  milk  decreases  slightly 
for  a  period  of  two  or  three  hours,  when  it  begins  to  increase.  We  now 
believe  that  this  phenomenon  is  due  to  the  grouping  together  or  “  clump¬ 
ing  ”  of  the  organisms,  whereby  a  cluster  of  bacteria  appears  as  only 
one  colony  in  the  plate  method  of  counting.  This  method  of  counting 
will  be  explained  later. 


SOURCES  OF  BACTERIA  IN  MILK 

The  statement  is  often  made  that  milk  is  practically  sterile  as  it 
comes  from  the  udder  of  the  cow.  Such  a  statement  is  misleading.  Of 
course,  animals  with  pathological  conditions  of  the  udder  may  excrete 
large  numbers  of  bacteria  with  their  milk.  Most  investigators  have 
found  that  apparently  normal  udders  harbor  bacteria,  sometimes  in 
great  numbers.  Evans  (1)  found  the  bacterial  count  of  milk  from  nor¬ 
mal  udders  to  range  from  0  to  300,000  per  cubic  centimeter.  In  the 
samples  examined,  16.1  per  cent  contained  so  few  bacteria  that  their 
significance  was  negligible.  This  investigator  found  streptococci  in 
15  1  per  cent  of  the  udder  samples,  but  states  that  Streptococcus  laelicus 
is  rarely  found  in  the  normal  udder.  Streptococci  ranged  from  a  few  to 
264  000  per  cubic  centimeter.  Micrococci  were  found  in  58.8  pci  cent 
of  the  samples,  the  general  group  known  as  Micrococcus  laclis  bemg  mos 
common,  together  with  Staphylococcus  aureus  and  Staphylococcus  alb  . 

Bacteria  of  the  Bacillus  abortus  type  were  common  being  found 
23  4  per  cent  of  the  samples  of  udder  milk.  The  majority  o  udder 
organisms  seem  to  be  of  the  same  types  as  those  found  on  the  skin  an 
mucous  membranes  of  man  and  other  animals,  principally  streptococci, 

staphylococci  and  bacilli. 
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After  milk  leaves  the  udder,  it  is  subjected  to  innumerable  opportuni¬ 
ties  for  contamination,  mainly  from  the  body  of  the  cow,  the  air,  the 
clothing  and  hands  of  the  milker,  and  dairy  utensils.  Manure  from  the 
cow’s  body  may  introduce  many  types  of  bacteria;  streptococci  and 
bacilli  of  the  colon  type  are  abundant  in  manure.  Specific  disease 
organisms  may  be  introduced  into  milk  from  manure,  the  hands  of  the 
milker,  contaminated  water  supplies,  flies,  etc. 


CLASSIFICATION  OF  BACTERIA 

In  a  general  way,  bacteria  may  be  divided  into  two  great  groups; 
namely,  pathogenic  and  saprophytic.  Pathogenic  bacteria  are  those 
capable  of  producing  illness  or  pathological  conditions,  while  sapro¬ 
phytic  bacteria  are  either  harmless  or  helpful.  In  market  milk,  all 
types  of  bacteria  are,  of  course,  undesirable,  for  even  saprophytes  may 
produce  changes  which  injure  the  commercial  value  of  the  milk. 

A  further  step  in  the  classification  of  bacteria  is  to  group  them  accord¬ 
ing  to  their  “  morphology,”  or  structural  characteristics. 

The  following  classification  is  one  of  several  that  have  been  sug¬ 
gested  : 


Order. 

A.  Myxobacteriales 

B.  Thiobacteriales 

C.  Chlamydobacteriales 

D.  Actinomycetales _ 


Families. 


<  1.  Actinomycetaceae 
l  2.  Mycobacteriaceae 


E.  Eubacteriales 


’  1.  Nitrobacteriaceae 

2.  Pseudomonadaceae 

3.  Spirillaceae 

4.  Coccaceae 

5.  Bacteriaceae 
.  6.  Bacillaceae 


There  are  other  subdivisions  under  this  classification  but  these  are 
the  main  groups. 


In  studying  the  action  of  bacteria  on  milk,  a  different 
gested  by  Ayers,  is  sometimes  made,  as  follows: 


grouping,  sug- 


1.  Acid-forming  organism. 

2.  Alkali-forming  organism. 

3.  Peptonizing  organism. 

4.  Inert  organism. 
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As  indicated  by  the  names,  the  acid-  and  alkali-forming  organisms 
produce  acid  and  alkali,  respectively;  the  peptonizing  organisms  digest 
milk  casein;  and  the  inert  type  have  no  visible  effect  on  milk. 

The  last  step  in  the  classification  of  bacteria  is  to  identify  specific 
named  organisms  within  the  groups.  This  is  done  by  a  study  of  mor¬ 
phology  and  the  growth  of  the  organism  on  certain  media  used  for  dif¬ 
ferentiation.  These  named  varieties  are  separate  and  distinct,  as 
corynebacterium  diphtheriae  (the  organism  causing  diphtheria),  Bacillus 
typhosus  (the  organism  causing  typhoid  fever),  etc. 


Fto  7  —  A  variety  of  bacteria  liable  to  be  found  in  milk.  1  and  2,  typhoid  bacillus 
(Pfeiffer) '  3,  pus  and  pus  cocci;  4,  B.  dysenteric  (Shigar);  5,  Proteus  vulgaris; 
6,  Clostridium  butyricus;  7,  9,  10.  and  11,  types  of  common  lactic  bartena 
(’Conn) ‘  8  a  coccus  without  influence  on  milk  (Conn),  12,  13,  14,  three 
bacilli  producing  slimy  milk  (Marshall);  15,  16,  17  18,  19,  types  of  liquefying 
and  nutrifying  bacteria  which  digest  casein  (Conn).  Reprinted  from  Conn 
“Bacte“to  Milk  and  Its  Products.”  P.  Blakiston's  Son  &  Co..  Phda.,  Pa. 


COUNTING  BACTERIA  IN  MILK 

The  number  of  bacteria  in  milk  is  usually  ascertained  by  means  of  the 
,  !  ,  ,  „thnd  \  medium  favorable  to  bacterial  growth  is 

standard  plate  ■  measured  quantity  of  the  milk 

inoculated,  while  in  a  fluul  s  a,e  fa  in  a  sterile> 
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Fig.  8. — Placing  milk  in  sterile  dish — one  of  the  steps  in 
making  a  plate  count  of  bacteria. 


Fig.  9.  Counting  colonies  of  bacteria  by  the  plate  method. 
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organism.  The  plate  is  then  placed  in  an  incubator  where  an  optimum 
temperature  for  bacterial  growth  is  maintained.  The  organisms  grow 
and  form  families,  or  “  colonies,”  which,  in  a  few  days,  are  large  enough 
to  be  seen  with  the  naked  eye.  These  colonies  are  counted,  and,  as  each 
has  developed  from  an  organism,  the  number  of  colonies  approximates 
the  original  number  of  bacteria.  Plate  counts  show  a  lower  number  of 
bacteria  than  are  actually  present  in  the  milk,  for  two  reasons;  first, 
not  all  of  the  bacteria  will  multiply  on  a  given  medium  and  second,  some 
colonies  may  be  the  result  of  the  growth  of  a  number  of  organisms  which 
have  clung  together  in  a  clump. 

METHODS  OF  DIFFERENTIATING  BACTERIA 

As  previously  stated,  the  principal  methods  of  classifying  bacteria 
are  direct  microscopic  examinations,  habits  of  growth  in  differential 
media,  and  animal  inoculation. 

Direct  microscopic  examination  is  made  of  “  hanging  drops  ”  con¬ 
taining  organisms  in  a  fluid  medium,  and  of  stained  slides.  Hanging 
drops  reveal  motility  and  other  characteristics,  while  stained  slides  show 
the  size,  shape,  etc.,  of  the  organisms.  “  Acid-fast  ”  bacteria,  among 
which  is  the  bacillus  causing  tuberculosis,  are  distinguished  from  non¬ 
acid-fast  varieties  by  first  staining  with  red,  decolorizing  with  sulphuric 
acid  and  alcohol  and  then  staining  with  a  blue  stain.  The  acid-fast 
bacteria  retain  the  original  red  stain,  while  other  organisms  and  debris 
are  blue.  This  is  called  “  counter-staining.” 

Animal  inoculation  is  sometimes  used  to  verify  classification.  Cer¬ 
tain  pathogenic  organisms  produce  typical  lesions  in  experimental 
animals. 

Differentiation  by  means  of  growth  on  special  media  is  perhaps  the 
most  widely  used  means  of  distinguishing  bacteria.  Space  does  not 
permit  a  discussion  of  all  special  media,  for  research  students  in  bac¬ 
teriology  have  developed  a  vast  number,  only  a  few  of  which  are  used  in 
routine  milk  examination.  Each  organism  has  some  peculiarity  in  its 
method  of  growth  or  its  effect  on  some  particular  culture  medium. 

Some  organisms  liquefy  gelatin;  some  cloud  beef-broth  or  form  a 
characteristic  film  on  its  surface;  some  produce  colonies  distinctive  in 
their  shape,  size,  color,  etc.;  some  change  the  reaction  of  the  medium; 
and  some  ferment  sugars,  starches,  and  alcohols,  producing  gas  or  acid, 

or  both.  . 

In  public  health  work,  the  examinations  ordinarily  made  are  as 

follows: 

1.  Plate  method  on  beef-agar  for  total  count. 
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2.  Cultivation  on  Endo’s  medium.  This  is  a  solid,  bluish  medium 
on  which  bacteria  of  the  colon  type  produce  characteristic  colonies, 
having  a  greenish,  metallic  sheen. 

3.  Cultivation  in  lactose  bile  broth.  These  cultures  aie  centrifuged 
and  the  sediment  stained  to  determine  streptococci. 

4.  Fermentation  of  a  sugar  broth,  usually  lactose  or  dextrose,  to 
show  gas  production.  Used  in  the  determination  of  bacteria  of  the  colon 
type. 


SIGNIFICANCE  OF  CERTAIN  TYPES  OF  BACTERIA  IN  MILK 


The  significance  of  results  obtained  by  these  methods  has  been  a 
much  discussed  question.  Health  departments  have,  in  many  cases, 
considered  that  bacilli  of  the  colon  type  were  positive  evidence  of 
manurial  contamination,  and  that  streptococci  proved  that  the  cows 
producing  such  milk  had  diseased  udders.  Research  workers  in  dairy 
bacteriology  have,  however,  refuted  these  assumptions  and  maintain 
that  more  complete  differentiation  should  be  made  before  condemning 
the  milk.  Rogers  and  his  co-workers  (2)  have  found  bacteria  of  the 
colon  type  on  certain  grains.  In  view  of  this  work,  bacteria  of  the  colon 
type,  while  furnishing  presumptive  evidence,  cannot  be  considered 
conclusive  proof  of  manurial  contamination.  (3) 

Streptococci  may  be  present  in  an  apparently  normal  udder.  They 
may  be  introduced  into  milk  by  manurial  contamination,  from  dirty 
utensils,  or  from  diseased  udders  of  cows  suffering  from  mastitis.  Sav¬ 
age  (4)  states  that  he  found  streptococci  present  in  all  milk  samples, 
when  1  cubic  centimeter  or  more  of  milk  was  used  for  examination. 
Evans  found  that  there  are  two  main  types  of  streptococci  found  in 
milk,  Streptococcus  pyogenes  and  Streptococcus  lacticus.  Streptococcus 
pyogenes  is  a  long,  chained  type  coming  from  inflammatory  processes, 
while  Streptococcus  lacticus  is  a  supposedly  harmless  type.  Not  all 
long- chained  streptococci  are  harmful,  however. 

Long-chained  streptococci  usually  curdle  litmus  milk  and  then 
reduce  the  litmus;  but  they  do  not  completely  decolorize  it.  On  the 
other  hand ,  Streptococcus  lacticus  first  reduces  the  litmus  and  then  cur¬ 
dles  the  milk,  the  decolorization  being  complete  below  the  sharply 
defined,  pink  surface  layer. 


Ayers,  Johnson  and  Davis  (5)  advise  the  use  of  the  limiting  hydro¬ 
gen-ion  concentration  in  differentiating  between  pathogenic  and  non- 

nrodnSr  StrePtococci-  They  state  that  pathogenic  streptococci 
produce  less  acid  from  carbohydrates  and  other  test  substances  than  do 

other  types.  They  recommend  a  dextrose-yeast-peptone  medium  in 
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which  pathogenic  streptococci  reach  a  limiting  hydrogen-ion  concen¬ 
tration  of  pH  5.4  to  6.  The  limits  of  non-pathogenic  streptococci  are 
from  pH  4.5  to  4.9. 

Frost  has  proposed  a  method  of  differentiation  into  four  groups 
based  on  the  size  of  the  nucleus  and  the  zone  of  hemolysis  when  hemolytic 
streptococci  are  grown  on  blood  agar. 

It  is  now  quite  generally  accepted  that  septic  sore  throat  in  man  is 
caused  by  Streptococcus  epidemicus.  A  method  of  examination  for  this 
organism  will  be  found  in  the  Appendix  giving  the  methods  and  stand¬ 
ards  for  certified  milk.  (See  Item  63.) 


DESTRUCTION  OF  BACTERIA 

By  Chemicals. — Numerous  chemical  substances  have  the  power  of 
destroying  bacteria  or  inhibiting  bacterial  growth  in  milk.  Most  of 
these  chemicals  are  poisonous  to  human  beings,  or  are  injurious  to 
health  when  taken  into  the  body  For  this  reason,  the  addition  of  any 
chemical  “  preservative  ”  to  milk  or  cream  is  strictly  prohibited  in  the 
United  States,  usually  under  penalty  of  a  jail  sentence.  Some  countries 
still  allow  the  use  of  borax  or  boracic  acid  in  cream  and  butter,  but  the 
weight  of  scientific  opinion  is  against  such  procedure.  The  chemical 
preservatives  most  common  before  their  use  in  milk  was  prohibited 
were  borax,  boracic  acid,  salicylic  acid,  formaldehyde,  hydrogen  per¬ 
oxide,  and  substances  containing  available  chlorine.  For  the  treatment 
of  dairy  utensils  certain  solutions  are  used  which  depend  on  available 
chlorine  for  their  germicidal  action.  These  substances  are  usually 
sodium  or  calcium  hypochlorites  or  chloramine  compounds. 

By  Heat. — Different  types  of  bacteria  are  killed  by  varying  degrees 
of  heat  applied  for  various  lengths  of  time.  The  time  and  temperature 
necessary  to  kill  a  particular  strain  of  organism  is  known  as  its  “  thermal 
death  point.”  Fortunately,  the  thermal  death  point  of  pathogenic 
bacteria  is  relatively  low.  The  modern  process  of  pasteurization  makes 
use  of  this  fact  by  destroying  disease-producing  bacteria  at  tempera¬ 
tures  low  enough  to  avoid  injuring  the  nutritive  properties  of  the  mi  . 
The  organism  causing  tuberculosis  is  destroyed  at  a  temperature  of 
142°-145°  F.  maintained  for  twenty  to  thirty  minutes.  Harm  u 
streptococci  are  killed  in  thirty  minutes  at  140°  F.  Some  non-virulcn 
types  of  streptococci  are  able  to  resist  higher  temperatures,  but 
are  destroyed  in  thirty  minutes  at  165°  F.  A  pasteurizing  tempera¬ 
ture  of  142°  F.,  maintained  for  thirty  minutes,  will  positively  kill  all 
pathogenic  bacteria  in  milk.  Spore-forming  bacteria  may  resist  tem¬ 
peratures  even  as  high  as  boiling,  but  fortunately  no  harmful  bacteria 


MOLDS  AND  YEASTS 


67 


commonly  found  in  milk  are  of  this  variety.  In  treating  dairy  utensils 
to  kill  bacteria  a  temperature  of  205°  F.  for  five  minutes  is  deemed 

sufficient  for  all  practical  purposes. 

By  Cold.— Bacteria  generally  are  not  killed  by  cold.  Their  growth  is 
checked  at  varying  low  temperatures,  but  they  retain  their  vitality 
and  again  vegetate  when  conditions  become  favorable. 


MOLDS  AND  YEASTS 

Molds  and  yeasts  are  frequently  present  in  milk  and  other  dairy 
products.  Yeasts  are  closely  related  to  bacteria.  They  are  round  or 
oval  microscopic  cells,  larger  than  bacteria  and  differing  from  the  latter 
in  their  mode  of  multiplication.  Yeasts  multiply  by  “  budding/’  In 
this  process,  a  bud  or  offshoot  appears  on  the  side  of  the  parent.  This 
bud  grows  until  it  reaches  mature  size,  when  it  may  either  detach  itself 
from  the  parent  cell  or  hang  to  it.  Yeasts  usually  cause  alcoholic  fer¬ 
mentation,  breaking  down  sugar  into  alcohol  and  carbon  dioxide;  but 
this  type  of  alcoholic  fermentation  rarely  occurs  in  milk. 

Molds  are  still  larger,  and  of  a  more  complex  structure.  They  are 
masses  of  branching  threads,  often  visible  to  the  naked  eye,  and  under 
the  microscope  they  very  much  resemble  tiny  plants.  Each  “  plant  ” 
sends  up  branches  which  are  crowned  with  spores  for  reproduction  like 
the  seeds  of  a  flower. 

From  a  sanitary  standpoint,  yeasts  and  molds  are  believed  to  have 
little  or  no  significance  in  milk.  They  may  show  that  the  milk  is  old, 
or  has  been  in  contact  with  improperly  cleaned  apparatus.  How¬ 
ever,  yeasts  and  molds  are  found  in  milk  only  in  small  numbers,  and 
ordinarily  do  not  produce  changes  dangerous  to  health. 
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CHAPTER  VI 


ESSENTIAL  FACTORS  IN  PRODUCING  MILK  OF  LOW 

BACTERIAL  COUNT 

Factors  involved  in  the  production  of  clean  milk  may  be  divided 
into  two  general  classes,  those  that  affect  the  total  bacterial  count  and 
those  that  do  not.  In  the  latter  class  are  included  such  items  as  water 
supplies,  ventilation,  light,  etc.  These  factors  are  fully  discussed  in  the 
chapters  on  “  Milk  and  the  Public  Health,”  and  “  Dairy  Farm  Inspec¬ 
tion.” 

Those  that  affect  the  bacterial  count  may  be  again  subdivided  into 
two  groups,  namely,  major  and  minor  factors.  All  of  these  are  dis¬ 
cussed  in  the  chapter  on  “  Dairy  Farm  Inspection.”  Four  factors,  how¬ 
ever,  have  such  a  tremendous  influence  on  the  bacterial  content  of  milk 
that  they  deserve  special  attention.  They  are  clean  cows,  small-top 
milking  pails,  sterilized  utensils,  and  prompt  and  efficient  cooling. 
Without  the  proper  use  of  these  “  Big  Four  ”  essentials,  satisfactory 
bacterial  counts  cannot  be  secured  in  market  milk. 


CLEAN  COWS 

Under  farm  conditions  cows  accumulate  on  their  bodies  quantities 
of  manure,  mud,  dust,  chaff,  scurf  and  loose  hairs.  Practically  all  of 
these  deposits  carry  more  or  less  bacteria.  If  the  accretions  are  on  the 
cows  flanks,  bellies,  udders  or  teats,  there  is  a  very  good  chance  that 
they  will  fall  into  the  milk  pail  during  the  process  of  milking  This 
results  in  contamination  of  the  milk,  often  with  undesirable  types  of 
organisms.  Ayers,  Cook  and  Clemmer  (1)  found  that  a  gram  of  fresh 
cow  manure  contained  an  average  of  49,645,614  bacteria. 

The  same  investigators  conducted  a  series  of  experiments  to  ascer- 
tam  the  effect  of  certain  sanitary  practices  upon  the  bacterial  content 

mi  [  is  S  ,77  6ffect  of  dirty  cows  «Pon  the  eleanliness  of 

m.lh  is  plainly  shown  in  Table  18,  which  has  been  compiled  from  aver¬ 
ages  obtained  in  their  experiments. 

*h‘s  table  ifc  may  be  seen  that,  with  dirty  cows  washing  the 
ers  an  eats  reduced  the  bacterial  count  from  over  22,000  to  about 
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6000  per  cubic  centimeter.  When  the  cows  were  cleaned,  besides  having 
their  udders  and  teats  washed,  the  count  was  further  reduced  to  2154 
per  cubic  centimeter.  In  short,  all  other  conditions  being  the  same, 
thorough  cleaning  of  the  cows  reduced  the  bacterial  count  of  freshly- 
drawn  milk  from  22,677  to  2154  bacteria  per  cubic  centimeter. 

TABLE  18 


Effect  of  Dirty  Cows  on  the  Bacterial  Count  of  Milk 


Conditions. 

Average  Count  per 
Cubic  Centimeter. 

Cows  dirty,  open  pail,  utensils  treated  to  kill  bacteria . 

Cows  dirty,  open  pail,  utensils  untreated,  udders  and  teats 

22,677 

wfl.sVi  pH  . 

6,166 

Cows  clean,  open  pail,  utensils  treated,  udders  and  teats  not 

4,524 

Cows  clean,  open  pail,  utensils  treated,  udders  and  teats 

2,154 

Pjq  io. — Washing  cow’s  udder,  teats  and  flanks  before  milking. 


Cows  should  be  thoroughly  groomed  to  keep  them  free  from  accumu¬ 
lations  of  manure,  dirt  and  loose  hair.  Clipping  long  hairs  on  the  udder, 
flanks  and  belly  facilitates  proper  cleaning.  Grooming  is  better  done 
about  an  hour  before  milking,  so  that  the  dust  will  have  time  to  settle. 

The  best  results  can  be  secured  only  when  udder  and  teats  are  washed 
or  wiped  with  a  clean,  damp  cloth,  just  previous  to  milking.  The 


SMALL-TOP  MILKING  PAIL 


71 


method  used  depends  to  a  great  extent  upon  the  condition  of  the  cows; 
when  udders  and  teats  are  soiled  with  manure  or  mud,  washing  with 
clean  water  is  necessary.  Water  should  be  changed  frequently,  so 
that  a  clean  supply  is  always  in  use.  After  washing,  surplus  moisture 
should  be  removed  by  wiping  with  a  dry  or  slightly  damp  cloth,  so  that 
there  will  be  no  surplus  water  to  drip  into  the  milk  pail,  or  wet  the 
milker’s  hands.  When  milking  starts,  the  udders,  teats  and  flanks 
should  be  clean  and  slightly  damp. 


SMALL-TOP  MILKING  PAIL 


Since,  under  bad  conditions,  considerable  amounts  of  dirt  may  fall 
from  the  cow  into  the  milk  pail,  the  use  of  a  hooded  or  small-top  milk 
pail  is  advocated.  Many  types  have  been  devised  and  are  on  the 
market.  In  selecting  such  a  pail,  the  points  to  be  considered  are,  ease 
of  cleaning,  smallness  of  opening,  and  ease  of  use. 

Pails  should  be  free  from  acute  angles  and  inaccessible  crevices  and 
parts  which  make  thorough  cleaning  difficult.  All  seams  should  be 
flushed  with  solder  to  facilitate 
cleaning.  At  first,  dairymen 
often  object  to  small-top  pails 
on  the  ground  that  it  is  diffi¬ 
cult  to  milk  into  the  opening. 

If  a  proper  pail  is  selected,  very 
httle  practice  is  necessary  to 
acquire  the  requisite  dexterity. 

Fig.  11  shows  a  small-top  milk¬ 
ing  pail  which  gives  very  satis¬ 
factory  results.  It  can  be  made 
by  soldering  the  hood  on  to  an 
ordinary  milk  pail— a  job  that 
any  tinner  can  do.  It  is  sur- 

prising,  even  under  good  conditions,  to  see  the  amount  of  hair  and 
dirt  that  will  collect  on  the  cover  of  such  a  pail  during  milking.  Without 
the  hood,  this  material  would  fall  directly  into  the  milk. 

The  investigators  previously  mentioned  in  this  chapter  (1)  found 
that  the  small-top  pail  was  an  important  factor  in  lowering  the  bac- 
**"a' C.°U"t  I“.m,|k-  ™eir  findi^  coincide  with  the  results  of  Hard- 
the  ff  f tofckt!“8’  (3)111Sorth>  Pru<ha  (4)  and  others.  Table  19  shows 

Ayers^Cook  and  Clemmer!  ^  «nents  * 


Fig.  11—  Small-mouth  milking  pail  made 
from  an  ordinary  milk  pail  by  the  addition 
of  a  hood. 
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TABLE  19 

Influence  of  Small-top  Milking  Pails  on  the  Bacterial  Count 


Conditions. 

Bacteria  per  Cubic 
Centimeter,  Average 

Open 

Pail. 

Small-top 

Pail. 

Cows  dirty,  utensils  treated  to  kill  bacteria . 

86,212 

24,439 

Cows  dirty,  udders  and  teats  washed,  utensils  treated. . 

6,166 

2,886 

Cows  clean,  udders  and  teats  washed,  utensils  treated. . 

4,947 

2,677 

It  can  be  seen  from  the  foregoing  table  that  the  small-top  milk  pail 
has  the  greatest  effect  when  the  cows  are  dirty.  The  reason  is  apparent: 
where  there  is  but  little  dirt  to  fall,  there  would  be  only  a  slight  con¬ 
tamination. 


CLEAN  UTENSILS  TREATED  TO  KILL  BACTERIA 


The  greatest  single  influence  on  the  bacterial  count  of  fresh  milk  is 
exerted  by  the  utensils.  Utensils  may  appear  clean,  but  unless  they 
are  subjected  to  thorough  treatment  they  may  contribute  enormous 
numbers  of  bacteria  to  the  milk  coming  in  contact  with  them. 

Bulletin  642  of  the  U.  S.  Department  of  Agriculture  (1)  reports  a 


series  of  experiments  to  determine  the  essential  factors  in  the  produc¬ 
tion  of  milk  of  low  bacterial  content.  The  authors  record  a  series  of 
sixty  dual  samples  of  milk  for  which  both  treated  and  untreated  utensils 
were  used.  A  small-top  milking  pail  was  used  in  all  cases.  The 
average  bacterial  count,  when  untreated  utensils  were  used,  was  73,308 
per  cubic  centimeter;  when  treated  utensils  were  used,  the  average 
count  was  only  6,306  per  cubic  centimeter.  The  results  on  the  individual 

samples  are  graphically  shown  in  Fig.  12. 

Prompt  Washing  Necessary.— In  order  that  treatment  may  be 
effective,  it  is  necessary  thoroughly  to  wash  milk  utensils  immediately 
after  use.  If  remnants  of  milk  or  milky  residue  are  left  on  the  utensils, 
there  will  be  a  rapid  multiplication  of  bacteria.  Furthermore,  milk 
solids  dry  on  the  surfaces  and  are  more  difficult  to  remove. 

The  experiments  previously  noted  in  this  chapter  (1)  mclu  e  one 
to  show  the  bacterial  growth  taking  place  when  utensils  were  no 
promptly  washed.  When  the  utensils  were  washed  directly  after 
milking,  the  average  bacterial  count  of  the  subsequent  milking  was 
666,520  per  cubic  centimeter.  Some  of  the  utensils  were  left  unwas 
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for  eight  hours,  and  then  washed  in  the  same  manner  as  the  other 
utensils.  In  this  case,  the  subsequent  milking  had  an  average  bacterial 
count  of  1,677,000  per  cubic  centimeter.  In  neither  of  these  experi¬ 
ments  were  the  utensils  further  treated.  It  can  readily  be  seen  that  the 
bacterial  count  was  only  one-third  as  great  when  the  utensils  were 


Bacteria  Per  Cubic  Centimeter 


OOOOOOOOoOtSSo 


Sample 

No.l 


Fig.  12.  Bacterial  contents  of  milk  from  treated  (black)  and  untrea 

utensils. 


(shaded) 


promptly  washed  as  it  was  when  thev  wero  ollnwori  + 

for  eight  hours.  y  allowed  to  remaln  unwashed 

Washing  Utensils.  Utensils  should  first  be  rinsed  in  clean  cold  nr 

t  - 

-h  a  stiff  brush,  avoiding  the  nTT^ 
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powders.  A  final  rinsing  in  clean  water  prepares  the  utensils  for  final 
treatment. 

Steam  Treatment  of  Utensils. — Steam  is  by  far  the  most  satis¬ 
factory  agent.  It  is  positive  in  its  action,  and  has  the  additional 
advantage  of  leaving  the  utensils  hot,  so  that  they  will  dry  quickly. 

Steam  boilers  are  a  valuable  adjunct  to  the  farm  dairy.  They  fur¬ 
nish  steam  for  heating  wash  water,  for  further  treatment  of  utensils, 
and  for  sundry  other  farm  operations.  The  ideal  method  of  treatment 


a.  13.— Concrete  oven  for  the  steam  treatment  of  dairy  utensils. 


requires  an  oven  or  chamber,  which  may  be  made  of  brick  concrete, 
metal  or  even  wood,  though  the  last-named  material  is  not  so  satis¬ 
factory.  In  this  oven  may  be  placed  separator  parts,  cans  pails, 

f  rind  live  steam  from  the  boiler  may  be  intro 

Teed8’  This1  steaming  process  should  continue  for  twenty  to  thirty 

*  sr  jt-rr:  srr  ^  - 

™ns  and  pails’ 
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after  washing,  are  inverted  over  the  outlet  of  the  pipe,  steam  being 
forced  into  them  by  the  operation  of  the  lever.  This  method  is  not 
so  satisfactory  as  the  oven,  for  several  reasons.  The  time  of  steaming 
(which  should  be  at  least  five  minutes)  is  usually  shortened  because 
of  the  hurry  of  the  operator;  much  more  steam  is  used;  only  the 
inside  of  utensils  is  thoroughly  steamed;  certain  utensils  cannot  be 
conveniently  treated;  and  the  utensils  become  very  hot,  so  that  they 
are  not  easily  handled. 

Other  Steam  Appliances. — A  very  convenient  apparatus  for  mod¬ 
erate-sized  dairies  is  shown  in  Fig.  14.  It  supplies  hot  water  for  wash¬ 
ing,  as  well  as  steam,  consisting  of  a 
metal  box  slightly  larger  than  is 
needed  to  hold  all  the  dairy 
utensils.  The  box  has  a  per¬ 
forated  false  bottom  3  or  4  inches 
above  the  real  bottom,  and  is  cov¬ 
ered  with  a  tight-fitting  cover. 

At  the  level  of  the  false  bottom, 
an  ordinary  faucet  is  placed.  (5) 

The  tank  may  be  placed  on  a 
brick  or  masonry  foundation  con¬ 
taining  a  fire-door  in  the  front.  At  Fig.  14.— Galvanized  tank  on  brick 


setting.  Used  for  heating  water 
and  steaming  dairy  utensils. 


milking  time  the  tank  is  filled  with 
water  and  a  fire  started  beneath. 

When  milking  is  finished,  the  tank  is  full  of  hot  water,  which  is  drawn 
off  through  the  faucet  for  washing  purposes,  and  the  utensils,  after 
being  washed,  are  placed  on  the  false  bottom.  The  3  or  4  inches  of 
water  remaining  beneath  the  false  bottom  continue  to  boil,  the  steam 
escaping  through  the  perforations  into  the  upper  chamber.  Steaming 
should  continue  for  twenty  to  thirty  minutes,  care  being  taken  to 
prevent  the  tank  from  becoming  entirely  dry,  as  damage  to  tan k  and 
utensils  is  likely  to  result,  if  this  occurs. 

74«ArPl,\Steamer  f0r  dairy  Utensils  is  described  to  Farmers’  Bulletin 
•  nis  apparatus  is  relatively  inexpensive  and  is  very  efficient 

“  ltS,aCt'°n’  but  *  to  use  only  in  small  dairies  where  few 

utensils  are  to  be  treated.  W 

S  £  boa^ntew^ffor° fivlT  ten  mTnute^’  Rising 

with  boiling  water  is  not  efficient  g 

‘  "ft  “  ■—>  «~l  in  i™. 
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hypochlorites  of  either  calcium  or  sodium,  and  their  efficiency  depends 
largely  upon  the  presence  of  available  chlorine.  Home-made  solutions 
can  be  prepared  in  the  following  manner: 

Making  Calcium- Hypochlorite  Solutions. — In  using  calcium  hypo¬ 
chlorite,  prepare  a  stock  solution  by  making  a  smooth  watery  paste 
of  12  ounces  of  commercial  chloride  of  lime  containing  30  per  cent 
available  chlorine  (or  15  ounces  of  chloride  of  lime  containing  24  per  cent 
available  chlorine),  and  then  adding  water  slowly  and  stirring  thoroughly 
until  the  solution  amounts  to  2  gallons.  Then  allow  to  settle  and 
strain  into  a  tightly  closed  glass  bottle  or  jar  and  keep  it  in  a  cold 
dark  room.  Add  1  pint  of  this  stock  solution  to  every  8  gallons  of 
water  for  the  final  rinse,  which  should  be  used  immediately.  The 
used  rinse  solution  should  be  thrown  away  and  a  new  one  mixed  daily. 
It  is  advisable  not  to  make  larger  quantities  of  stock  solution  than 
can  be  used  within  two  weeks. 

Making  Sodium- Hypochlorite  Solutions—  Make  a  smooth  watery 
paste  of  12  ounces  of  commercial  chloride  of  lime  containing  30  per  cent 
available  chlorine  (or  15  ounces  of  chloride  of  lime  containing  24  per  cent 
available  chlorine),  then  add  water  slowly  and  stir  thoroughly  until 

the  solution  amounts  to  1  gallon.  , 

Dissolve  27  ounces  of  washing  soda  (use  the  common  crystals,  no? 
powder  or  cooking  soda )  in  1  gallon  of  warm  water  If  chloride  of  lime 
containing  24  per  cent  available  chlorine  is  used,  it  will  require  34 

OUnMix°theatwogsolutions,  stir  thoroughly,  and  let  stand  for  several 
hours.  Strain  the  clear  liquid  into  a  tightly  closed  glass  bottle  or  jar 

andOkneePpintTfthld stock  solution  should  be  added  to  every  8  gallons 

'Thc'e^rinse6 solutions  contain  approximately  200  parts  of  available 
chlonne  to  1,000,000  parts  of  water,  which  is  the  strength  recommended 

fOT  Chlorine6  compounds  in  ”e\omt 

madeS solution ^  but'some  labor  is  saved  in  that  no  stock  solution  need 
be  prepared  and  their  to  two  ways: 

Dairy  utensds  may  be  treated  with  chlon  ^  ^  &  ^ 

(1)  Immersing,  and  (2)  spray  mg.  surface  comes 

containing  the  ch lonne m  be  completely 

in  contact  with  the  cnemi  .  v  method  may  be  used  for 

immersed  and  left  for  2  minu  es  P  y  0f  coolers  in 

large  utensils.  It  is  especially  adapted^  should  0f 

which  both  7a^L“dbleb"fecovering  Considerable  area  with  a  line 
the  pressure  type,  capable  oi  covti 

SPTis  essential  that  every  particle  of "m^orTg^c 
before  treatment  with  chlorine “X7Le\oktion’on  bacteria.  The 

solution'shoul^be^apphed* immediately  after  completion  of  the  washing 
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process.  Turn  the  utensils  upside-down  in  a  clean,  dry  place  free  from 
dust  and  odors,  and  do  not  touch  until  needed.  (  _  ,  ... 

In  milk  plants,  somewhat  weaker  solutions  may  oe  used.  One-halt 
pint  of  the  stock  solution  may  be  added  to  every  S  gallons  of  water 
for  the  rinse  solutions.  This  makes  a  dilution  of  100  parts  available 
chlorine  to  1,000,000  parts  of  water.  If  the  spray  method  is  used 
instead  of  soaking,  it  is  advisable  to  use  the  stronger  solution— 1  pint 
of  stock  solution  to  8  gallons  of  water. 

Treatment  by  means  of  chemical  solutions  requires  care.  The  soak 
solution  quickly  loses  its  strength  and  is  often  used  after  its  effective¬ 
ness  has  passed.  In  fact,  the  solutions  sometimes  have  been  found  to 
be  an  actual  source  of  contamination. 

Importance  of  Drying  Utensils. — Steaming  should  leave  the  utensils 
so  hot  that  they  will  dry  quickly.  This  latter  point  is  extremely 
important.  Experiments  have  shown  that  bacteria  increase  rapidly 
on  the  surfaces  of  moist  utensils.  Table  20  is  taken  from  Department 
of  Agriculture  Bulletin  642,  and  shows  the  bacterial  increase  in  undried 
milk  cans. 


TABLE  20 

Bacterial  Growth  in  Cans  Covered  before  Being  Dried  (1) 


Series  No. 

Bacteria  per  Can. 

Series  No. 

Bacteria  per  Can. 

Freshly 

Washed. 

24  Hours  after 
Washing. 

Freshly 

Washed. 

24  Hours  after 
Washing. 

1 

960,000 

847,000,000 

5 

99,600 

320,000,000 

2 

618,000 

2,612,000,000 

6 

5,570,000 

748,000,000 

3 

137,000 

336,000,000 

7 

305,000 

138,000,000 

Protection  of  Utensils  from  Contamination— After  utensils  are 
treated,  they  should  be  protected  from  contamination  by  flies,  dust 
c  lckens,  etc.  They  may  be  left  in  the  steaming  cabinet  until  milking 

time,  or  they  may  be  inverted  on  a  rack  in  the  milk  house  or  on  a 
screened  porch. 

Cleaning  Milking  Machines.-Clean  milk  can  be  produced  with 
liking  machines,  if  the  apparatus  is  properly  cleaned.  In  fact,  some 
of  the  finest  dairies  use  milking  machines. 

Some  milking-machine  users  employ  chemical  treatment  as  pre¬ 
viously  described;  others  use  steam.  P 
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In  1917  Hart  and  Stabler,  of  California,  (7)  started  experimental 
work  with  heat,  but  at  a  lower  temperature  than  had  been  formerly 

used.  In  short,  they 
“  pasteurized  ”  the  rub¬ 
ber  parts  in  hot  water. 
The  results  obtained  un¬ 
der  practical  conditions 
in  California  led  the 
Bureau  of  Dairy  Indus¬ 
try  of  the  United  States 
Department  of  Agricul¬ 
ture  to  pursue  extensive 
research  work  along  sim¬ 
ilar  lines.  It  was  found 
that  treatment  with 
water  heated  to  160°-170°  F.,  gave  excellent  results  in  the  hands 
of  the  average  dairyman.  In  one  year,  over  400  samples  of  milk, 
taken  when  machines  were  treated  by  the  heat  method,  averaged 
only  15,300  bacteria  per  cubic  centimeter.  The  machines  properly 
treated  by  chlorine  solutions  drew  milk  with  an  average  count  of  57,700 
per  cubic  centimeter.  These  were  not  laboratory  experiments,  but 
field  trials,  where  the  machines  were  handled  by  the  usual  farm  help. 

Owing  to  the  construction  of  milking  machines,  persistent  care 
must  be  exercised  in  cleaning  them  if  milk  of  high  quality  is  to  be  pro¬ 
duced.  Each  inspector  should  become  thoroughly  acquainted  with  the 
construction,  operation,  and  care  of  the  various  types  of  mechanical 
milkers.  The  following  points  should  be  closely  watched  in  cleaning 

milking  machines:  (8) 

1.  Rubber  tubing,  including  glass  unions. 

2.  Moisture  traps. 

3.  Vacuum  lines. 

4.  Teat  cups  and  inflations. 

5.  Bucket. 

6.  Head. 

7.  Valves  and  pet  cocks. 


SUL. 


Fia.  15. — Screened  rack  for  drying  and  sunning 
dairy  utensils  after  treatment  to  kill  bacteria. 


Immediately  after  milking,  the  machines  are  rinsed  with  cold  or  luke- 
warm  water  drawn  through  the  machmes  by  vacuum  The  flow  should 
be  broken  occasionally  by 

then  immediate  y  immersing  again,  this  is  clone  te 

The  above  process  is  then  repeated,  with  hot  soda  solution.  Teat 
cups  and  tubing  are  washed  with  a  brush  at  this  time. 


PROMPT  AND  EFFICIENT  COOLING 


79 


Units  are  then  rinsed  with  clean  water  drawn  through  by  vacuum. 

Long  milk  tube,  (9)  with  claw  and  teat  cups,  is  then  detached  from 
haad  of  pail.  Air  tubes  (on  inflation  types  of  machines)  are  plugged, 
and  the  whole  is  placed  in  a  tank  of  clean  water,  care  being  taken 
that  all  parts  are  entirely  submerged.  The  water  is  then  heated  to  a 
temperature  of  160°  to  170°  F.,  and  held  there  for  fifteen  to  thirty  min¬ 
utes.  The  water  is  then  allowed  to  cool,  and  the  parts  to  remain  there 
until  the  next  milking.  (A  covered  tank  will  usually  hold  the  tempera¬ 
ture  above  160°  F.,  for  the  required  length  of  time,  if  heated  to  165° 
or  170°  F.) 

After  each  use  the  machines  should  be  taken  entirely  apart  and 
washed  thoroughly  with  brushes  and  hot  soda  solution.  The  vacuum 
line  should  be  cleaned  about  every  two  weeks  by  drawing  hot  soda 
solution  through  it  with  vacuum.  If  milk  is  drawn  into  the  vacuum 
line,  the  pipe  should  be  cleaned  immediately  after  milking. 

The  moisture  trap  on  the  head  of  the  machine  (cover  of  pail)  should 
be  cleaned  every  day. 

Milking  machine  pails  and  covers  should  be  thoroughly  washed 
and  treated  to  kill  bacteria  after  every  milking. 

In  preparing  the  cows  for  milking,  the  same  care  should  be  used  as 
in  milking  by  hand.  It  is  necessary  that  the  teats  be  very  clean  if  a 
clean  milk  is  to  be  obtained. 
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Lack  of  cooling  or  improper  cooling  is,  without  doubt,  by  far  the 
largest  cause  of  high  bacterial  counts  in  milk,  as  it  is  received  on  the 
average  market.  We  have  already  shown  that  bacteria  multiply 
rapidly  in  a  warm  medium.  If  milk  is  allowed  to  remain  unchilled, 
bacteria  develop  rapidly; 


they  may  reproduce  and 
double  in  number  once 
every  half  hour.  Theo¬ 


retically,  a  single  organism  / 
in  warm  milk  would  mul-  a 


tiply  in  five  hours  to  over 
1000  organisms,  or  fresh 
milk  containing  50,000  bac¬ 
teria  per  cubic  centimeter 


might  contain  50,000,000  F 


per  cubic  centimeter  at  the 
end  of  five  hours.  Fortu¬ 
nately,  bacteria  do  not  often 
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increase  quite  so  rapidly  in  milk,  as  some  die,  and  some  multiply 
slowly,  because  of  unfavorable  conditions.  However,  there  is  a  tre¬ 
mendous  multiplication  when  milk  is  not  quickly  cooled  to  a  low  tem¬ 
perature. 

This  multiplication  frequently  results  in  sour  milk  and  other  unde¬ 
sirable  dairy  products.  Fig.  17  shows  the  length  of  time  milk  kept 

sweet  at  different  tem¬ 
peratures  in  an  experi¬ 
mental  case. 

Prompt  Cooling 
Desirable.  — Milk 
should  be  cooled  as 
soon  as  it  is  drawn 
from  the  cow.  If 
cooling  is  delayed, 
bacterial  multiplica¬ 
tion  may  take  place, 
resulting  in  a  high 
count,  even  if  the 
milk  is  subsequently 
cooled.  If  cans  of  warm  milk  are  placed  in  a  tank  of  cold  water, 
much  time  is  required  to  cool  the  large  mass  of  milk.  For  this  reason, 
some  form  of  cooler  which  chills  the  milk  instantly  should  be  used. 

Surface  Coolers. — Such  coolers  consist  of  a  metal  device  containing 
cold  water  or  brine,  over  which  the  milk  runs  in  a  thin  film.  If  they  are 
properly  installed  and  operated,  it  is  possible  to  cool  milk  instantly  to 
within  2  or  3°  of  the  cooling  medium. 

Surface  coolers  make  possible  a  great  saving  of  time  in  cooling,  which 
is  especially  advantageous  in  the  morning,  when  milk  must  be  at  the 

shipping  point  soon  after  milking. 

The  following  observations  on  surface  coolers  are  made  in  Farmers’ 

Bulletin  976:  (10) 


Degrees  Fahrenheit 

Hours  Milk  Remained  Sweet 

1  |ioo°  1 

2  FToiT3  1 

|12 

H  36 

1  1  73°  1 

z  2  175°  | 

0) 

m  36 

■■  CO 

o  1  lM°  1 

(££■£3  80 

2  1  55°  I 

iso 

1  U0°  1 

180  396 

2  |40°  | 

Fig.  17. — Diagram  showing  time  necessary  to  sour  milk 
of  high  (1)  and  low  (2)  bacterial  content  at  different 
temperatures. 


“  Water  at  a  temperature  of  from  50°  to  60°  F.  is  available  for  cool¬ 
ing  milk  on  most  dairy  farms.  To  obtain  the  most  rapid,  efficient,  and 
economical  cooling  of  milk  a  surface  cooler  should  be  used.  An  appa¬ 
ratus  of  that  kind  should  be  simple,  durable,  and  easy  to  clean  and 
sterilize.  In  operating,  special  attention  should  be  given  to  regulating 
the  flow  of  milk  over  the  cooler,  in  order  to >  obtam  the s  maximum ^coo  mg 
effect.  Each  cow’s  milk  should  be  cooled  immediately  ajter  milking 
without  waiting  for  all  the  cows  to  be  milked.  I  he  flow  of  mdk  shoul 
be  so  regulated  that  a  continuous  but  thin  stream  passes  over  the 

cooler  throughout  the  entire  period  while  the  cows Xre  “diffident 
Surface  coolers  for  running  water  can  be  used  where  there  is  sufficient 
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water  pressure,  and  other  types  can  be  used  with  ice  water,  when  run¬ 
ning  water  is  not  available.  Pre-cooling,  or  cooling  first  with  a  surface 
cooler  before  placing  the  cans  in  the  cooling  tank,  not  only  cools  milk 
more  rapidly  but  saves  considerable  ice.  AVhen  cold  running  water  is 
available,  the  temperature  of  warm  milk  may  be  lowered  from  30  to  50° 
by  using  surface  coolers.  By  this  means  it  may  be  cooled  to  within 
2  or  3°  of  the  temperature  of  the  cooling  water. 

“  Under  average  conditions,  with  a  surface  cooler  and  running  water, 
from  10  to  15  gallons  of  water  should  be  sufficient  to  lower  the  tempera¬ 
ture  of  each  gallon  of  warm  milk  to  within  3°  of  the  initial  temperature 
of  the  water.  A  great  loss  in  cooling  efficiency  may  result  during  warm 
weather,  if  the  water  used  for  pre-cooling  is  allowed  to  become  warm 
before  it  is  used,  wThich  occurs  when  spring  water  runs  over  the  surface 
of  the  ground  before  passing  into  the  cooling  system,  or  when  wTater 
from  a  storage  tank  is  used  for  cooling.  The  warmer  the  water  used  for 
cooling,  the  more  ice  will  be  needed.  In  cooling  10  gallons  of  milk,  a 
difference  of  10°  in  the  temperature  of  the  water  between  50  and  60°  F. 
is  equal  to  the  melting  of  approximately  5  pounds  of  ice,  while  the  dif¬ 
ference  in  temperature  between  50  and  70°  F.  is  equal  to  the  melting  of 
10  pounds. 

“  When  it  is  necessary  to  cool  milk  quickly  to  50°  F.,  or  below,  as 
when  the  morning’s  milk  must  be  delivered  shortly  after  milking/ ice 
water  should  be  used  in  the  surface  cooler,  provided  it  is  of  a  suitable 
type,  instead  of  spring  or  well  water,  as  the  latter  are  seldom  cold  enough 
to  cool  milk  below  50°  F.  In  the  case  of  the  night’s  milk,  when  more 
time  is  available,  it  is  advisable  to  cool  to  within  2  or  3°  of  the  tempera¬ 
ture  of  the  spring  or  well  water  by  means  of  a  surface  cooler,  and  then 

place  the  cans  of  milk  in  a  tank  of  ice  water  to  remain  until  time  for 
delivery. 


It  is  advisable  to  pump  water  for  cooling  direct  from  the  spring  or 
well,  as  shown  in  Fig.  18. 

Types  of  Surface  Coolers.— Many  varieties  of  surface  coolers  are 
on  the  market,  but  they  may  be  classed  in  three  different  groups 
The  cooler  shown  in  Fig.  19  is  filled  with  ice  and  water.  The  milk  is 
poured  into  the  top  receptable,  from  which  it  runs  through  small  holes 
over  the  outside.  It  is  caught  by  the  trough  at  the  bottom  and  runs 
through  an  outlet  into  a  can  or  bottle  filler.  The  ice  and  water  inside 
the  drum  must  be  kept  constantly  stirred;  otherwise  a  layer  of  warm 
wafer  collects  near  the  metal  and  destroys  the  cooling  effect 

sizis  -  -  £ 


Fig.  21  shows 
consist  of  two  flat 


a  very  common  and  efficient  type  of  cooler 
surfaces,  corrugated,  or  of  a  series  of  tubes 


It  may 
or  pipes. 
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In  the  Summer,  Water  in  the 
Storage  Tank  is  Heated  by  the 
Sun  and  Air 


best  results  use  Water  direct 
from  Well  for  Cooling  Milk 


Fig.  18. — Arrangement  of  water  supply  for  milk  house. 


jria  19 — Conical  milk  cooler  for  use  with  water  and  ice.  To  obtain  good  results 
the  water  and  ice  must  be  stirred  frequently. 


Fig.  20.  —Spirally  corrugated  milk  cooler  for  use  with  running  water. 
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In  either  case,  the  cooling  medium  flows  upward  on  the  interior,  while 
the  milk  passes  downward  in  a  thin  film  over  the  outside. 

Important  Points  in  Surface  Cooling.— Coolers  are  sold  by  dairy 
supply  houses  at  rated  capacities  of  so  many  pounds  or  gallons  per 
hour.  A  cooler  of  ample  capacity  should  be  installed,  for  if  milk 
is  forced  over  the  cooler  beyond  its  capacity,  inadequate  cooling  will 
result. 

Water  should  be  available  in  sufficient  quantity  and  under  sufficient 
head.  Failure  in  this  respect  also  results  in  inadequate  cooling.  An 


Fio.  21.  Corrugated  milk  cooler  for  use  with  running  water. 


abundance  of  cold  water  should  constantly  replace  that  warmed  by  the 
milk. 


The  water  piped  to  the  milk  cooler  should  enter  at  the  bottom  and 

discharge  at  the  top.  In  this  way,  the  warm  milk  meets  the  warmest 

water  first,  and  as  it  flows  downward  it  meets  colder  water.  The  final 

cooling  over  the  bottom  coils  or  corrugations  is  done  by  the  coldest 
water. 

Final  Cooling  and  Storage.-If  “  pre-cooling,”  or  cooling  over  a  sur¬ 
face  cooler,  is  properly  done,  the  milk  should  be  cooled  to  60°  F.  or  lower 
without  the  use  of  ice.  But  bacteria  will  multiply  at  this  temperature 
and  further  cooling  is  therefore  essential.  As  soon  as  cans  are  filled 
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with  milk  from  the  cooler,  they  should  be  set  into  a  tank  of  ice  water  for 
final  cooling  below  50°  F.  Before  milking  is  begun,  the  tank  should 
be  filled  with  clean  water  in  which  sufficient  ice  should  be  placed  to 
lower  the  temperature  of  the  water  below  45°  F.  When  the  milk  is 
placed  in  water  of  this  temperature,  2  to  2\  pounds  of  ice  should  cool 
and  hold  each  gallon  of  milk  at  50°  F.  If  milk  is  not  pre-cooled  before 
being  placed  in  a  tank  of  water  having  a  temperature  of  45°  F.,  4  pounds 
or  more  of  ice  is  needed  to  cool  each  gallon  of  milk  to  50°  F.  Thus, 
pre-cooling  saves  practically  one-half  of  the  ice  used  in  tank  cooling 
alone. 

In  places  where  no  ice  is  available,  milk  may  be  stored  in  tanks 
supplied  with  cold  running  water.  Sometimes  there  is  no  running 
water  supply.  In  such  cases,  arrangements  should  be  made  to  have 
all  water  pumped  for  livestock  or  other  purposes  pass  through  the  milk 
tank  first.  Storage  in  water  is  not  very  satisfactory  unless  the  water  is 
unusually  cold.  Ice  is  practically  essential,  and  should  be  provided 
wherever  possible. 

During  the  past  few  years  mechanical  cooling  systems  have  been 
quite  widely  adopted  for  use  on  farms.  Systems  using  ammonia, 
sulfur  dioxide,  or  methyl  chloride  and  operated  either  by  electric  current 
or  heat  (the  absorption  method)  are  commonly  used.  Their  develop¬ 
ment  has  been  rapid,  and  in  many  cases  they  are  cheaper  than  the 
purchase  of  ice  for  cooling  and  storage.  Even  in  regions  where  natural 
ice  is  available  and  cheap  they  have  found  favor  on  account  of  their 
neatness,  freedom  from  dirt  and  slop,  and  compactness. 

Owing  to  the  lack  of  proper  cooling  and  storage  facilities  on  many 
farms,  it  is  better  to  carry  the  warm  milk  twice  a  day  soon  after  milking 
to  the  receiving  station  or  plant.  There  it  may  be  properly  cooled 
before  any  extensive  bacterial  growth  has  taken  place.  This  is  far 
better  than  allowing  it  to  remain  overnight  on  the  farm  at  relatively 
high  temperatures. 

Location  of  Cooler  and  Storage  Tank. — Milk  coolers  and  storage 
tanks  should  be  located  in  a  milk  room  or  milk  house.  In  surface 
cooling,  milk  is  exposed  in  a  thin  film  to  the  air.  Thus,  it  is  neces¬ 
sary  to  conduct  the  cooling  process  in  a  place  free  from  dust,  odors 
and  flies.  A  clean,  properly  screened  milk  house  is  best  for  this  pur- 

Tanks  placed  outdoors  are  not  so  efficient,  for  much  ice  is  wasted  by 
heat  and  exposure.  Covered  tanks  have  been  found  to  be  much  more 
efficient  than  uncovered  ones,  as  the  covers  prevent  absorption  of  heat 

from  the  air. 
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Efficiency  of  Different  Types  of  Tanks— Gamble  and  Bowen  (11) 
tested  very  thoroughly  the  efficiency  of  tanks  of  different  materials, 
operated  under  varying  conditions.  They  found  that  an  insulated 
tank  was  most  efficient.  Other  tanks  followed  in  this  order:  wood, 


Fia.  22.— Milk  cooler  and  insulated  storage  tank  with  cover. 


concrete,  and  galvanized  iron.  Although  the  insulated  tank  involved  a 

greater  first  cost,  it  was  found  to  be  so  economical  of  ice  as  to  pay  for 
itself  in  the  first  season. 


Table  21  shows  the  relative  efficiency  of  the  tanks  used  in  the  experi¬ 
ments,  in  terms  of  pounds  of  ice  melted.  P 

Size  of  Tank.— Great  care  should  be  exercised  in  securing  a  tank  of 

wireC  T'  ,71°  tank  iS  t0°  lar^’  a  sreat  amount  of  surplus 
must  be  cooled,  thus  wasting  ice;  if  it  is  too  small,  it  will  not  hold 
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an  adequate  quantity  of  water  and  ice.  When  ice  is  used  for  final  cool¬ 
ing  and  storage,  the  tank  should  contain  about  3  gallons  of  water  for 
each  gallon  of  milk.  If  no  ice  is  used,  there  should  be  at  least  6  gallons 
of  water  for  each  gallon  of  milk. 

TABLE  21 

Loss  of  Cooling  Effect  in  Nine  Hours  at  an  Average  Air  Temperature  of 
84.2°  F.  in  Each  of  Four  Types  of  Milk-cooling  Tanks  under  Various 
Conditions  of  Exposure 


Expressed  in  Terms  of  Pounds  of  Ice  Melted 


Tanks 

Tanks 

Tanks 

Tanks 

Without 

Covered 

Without 

Covered 

Covers, 

Exposed 

Covers 

in 

Type  of  Tank. 

Exposed 

to 

in  Milk 

Milk 

to  Sun. 

Sun. 

House. 

House. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Galvanized-iron  tank . 

168 

Ill 

107 

84 

Plain  concrete  tank . 

137 

88 

80 

61 

Wooden  tank . 

107 

38 

50 

30.5 

Cork-insulated  wooden  tank . 

80 

12 

30 

7.6 

Figuring  Size  of  Tank— Suppose  30  gallons  of  milk  are  to  be  cooled. 
One  gallon  contains  231  cubic  inches.  Then  30  by  231  equals  6930 
cubic  inches  of  milk.  Add,  say,  5  per  cent  for  the  cans. 


6930  milk 
346  cans 


7276  cubic  inches 

If  ice  is  used,  there  must  be  3  gallons  of  water  for  each  gallon  of  milk. 
Then  90X231  =  20,790  cubic  inches  of  water. 

Cans  and  milk-  7,276  cubic  inches 
Water  =  20,790  cubic  inches 


28,066  cubic  inches 

The  tank  must  have  a  capacity  of  28,066  cubic  inches  to  the  overflow 

OT  instruction  of  Tank.-The  cooling  tank  must  be  well  made  a„d 
water-tight.  Two-inch  plank  can  be  used  for  wooden  tanks. 
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should  be  tightly  closed  and  painted  with  white  lead.  The  cans  shou 
set  in  the  tank  on  a  rack,  so  that  water  can  circulate  under  them. 
Water  should  come  well  up  on  the  necks  of  the  cans,  so  that  all  pai  ts  of 
cans  containing  milk  are  surrounded  by  water.  A  drain  pipe  or  o\er- 
flow  should  be  so  arranged  that  the  water  will  overflow  at  the  proper 
height. 

It  is  well  to  provide  for  fluctuations  in  the  milk  supply,  so  that  the 
tank  will  be  of  the  right  size  at  all  seasons.  This  may  be  done  by  divid¬ 
ing  the  tank  into  two  parts,  when  building  it.  One  compartment  may 
be  two-thirds  the  size  of  the  entire  tank;  the  other,  one-third.  This 
gives  a  tank  capacity  of  three  different  sizes.  Either  one  of  the  com¬ 
partments  may  be  used  alone,  or  both  may  be  used. 

Building  an  Insulated  Tank.— The  following  directions  for  building 
an  insulated  tank  are  from  Farmers’  Bulletin  976:  (10) 

“  While  from  the  point  of  view  of  cooling,  wooden  tanks  give  good 
results,  an  insulated  concrete  tank  is  much  more  desirable,  as  it  is  easily 
built  and  can  be  set  partly  in  the  ground.  A  wooden  or  galvanized-iron 
tank  does  not  last  long  under  similar  conditions.  When  the  tank  is  set 
low,  cans  of  milk  can  be  lifted  in  or  out  with  much  less  effort  than  when 
it  is  entirely  above  the  ground.  The  total  thickness  of  the  walls  of  an 
insulated  concrete  tank  should  be  8  inches,  divided  into  two  walls,  the 
outside  being  2  inches,  then  2  inches  of  good  insulation  and  the  inside 
wall  4  inches  thick.  The  concrete  mix  should  consist  of  1  part  Port¬ 
land  cement,  2  parts  clean,  sharp  sand,  and  4  parts  broken  stone  or 
gravel.  For  the  purpose  of  waterproofing,  hydrated  lime  equal  to  10 
per  cent  by  weight  of  the  cement  should  be  added  to  the  mixture.  The 
insulation  used  should  be  coated  with  and  set  in  hot  asphalt  which  should 
be  allowed  to  become  thoroughly  dry  before  the  inner  walls  of  the  tank 
are  put  up.  The  inside  walls  should  be  very  carefully  troweled  so  as  to 
insure  a  smooth  surface  without  projecting  particles.” 

Storage  and  Shipment.— Cans  of  milk  should  be  left  in  the  storage 
tank  until  time  for  shipment.  They  should  be  loaded  without  unneces¬ 
sary  delay.  In  hauling  to  the  creamery  or  railroad  station,  a  blanket 
or  felt  jacket  should  be  placed  over  the  cans. 
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CHAPTER  VII 


ORGANIZATION  OF  MILK  CONTROL 
NECESSITY  FOR  MILK  CONTROL 

It  has  already  been  shown  that  human  health  is,  to  a  considerable 
extent,  dependent  upon  a  pure  milk  supply.  Furthermore,  the  con¬ 
sumer  is  entitled  to  full  value  in  food  material  for  the  money  expended 
for  milk.  In  the  early  days,  it  was  not  uncommon  to  find  dealers 
delivering  milk  which  was  filthy,  and  so  teeming  with  bacteria  that  it 
would  keep  sweet  only  a  few  hours.  Under  such  conditions,  milk  was 
frequently  treated  with  chemical  preservatives  to  prolong  its  keeping 
qualities.  Such  preservatives,  without  exception,  were  injurious  to 
health.  They  also  allowed  the  use  of  milk  which,  while  sweet  to  the 
taste,  was  unfit  for  human  consumption.  Skimmed  and  watered  milk 
was  also  sold  by  unscrupulous  dealers.  The  public  was  thereby 
defrauded  and  children  cheated  of  the  nourishment  they  should  have 
had. 


GROWTH  OF  MILK  INSPECTION 


Because  of  these  conditions  existing  in  the  milk  trade,  dairy  and 
milk  inspection  was  instituted.  The  consumer  was  in  no  position  to 
test  the  purity  and  food  value  of  milk.  It  therefore  became  necessary 
for  some  public  agency  to  take  the  matter  up  and  stand  between  the 
milk  distributor  and  the  public,  at  the  same  time  protecting  honest 
dairymen  against  unscrupulous  competitors.  The  municipal  board  of 
health  was  the  logical  body  to  undertake  such  work. 


The  earhest  laws  relating  to  milk  dealt  with  chemical  adulteration 

s  mming,  watering,  and  the  addition  of  preservatives.  Later  laws 

were  enacted  governing  sanitary  conditions  and  prescribing  limits  for 

bactenal  counts.  These  laws,  and  the  methods  used  in  enforcing  them 

have  been  changed  from  time  to  time  to  keep  pace  with-advances  in  the 

every  dtv  7  bacteriology.  At  the  present  time,  practically 

llifsa e to  s  vir  ‘?,thlS  C°Untry  haS  dairy  and  milk  Section 
'  .  ate  to  say  that  no  other  country  in  the  world  has  a  market  milk 

supply  so  thoroughly  protected  as  that  of  the  United  States.  1 
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DAIRY  LAWS 


Existing  dairy  laws  are  many  and  various.  The  first  laws  were 
framed  with  only  a  meager  knowledge  of  the  subject,  and  were  so 
worded  that  they  were  vague  and  cumbersome.  During  the  last 
few  years,  much  work  has  been  done  to  standardize  and  simplify  such 
regulations,  but,  in  spite  of  this  effort,  many  absurd  rules  still  exist. 
This  lack  of  uniformity  has  been  the  cause  of  much  dissatisfaction  among 
dairymen.  It  is  not  unusual  for  dairy  farmers  to  be  under  the  super¬ 
vision  of  two,  and  sometimes  three  or  four  agencies.  For  instance,  the 
dairyman  may  have  to  meet  the  requirements  of  his  state  dairy  inspector, 
the  city  dairy  inspector  and  the  inspector  employed  by  the  company 
which  purchases  his  milk.  If  the  regulations  of  each  agency  vary,  he 
encounters  a  number  of  conflicting  orders  which  may  cause  bewilder¬ 
ment  and  additional  expense. 

The  following  table  shows  the  variation  in  standards  for  market 
milk,  between  states  having  the  highest  and  lowest  standard  for  each 
constituent. 


Constituent. 

High. 

Per  Cent. 

Low. 

Per  Cent 

Butter-fat . 

3.5 

3.0 

Solids-not-fat . 

9.0 

8.0 

Total  solids . 

12.5 

11.0 

Such  a  variation  is,  of  course,  without  good  reason.  It  means  that 
milk  which  would  be  considered  good,  wholesome  food  in  one  state  is 
unsalable  in  another.  In  the  Appendix  may  be  found  a  list  of  the  dif¬ 
ferent  state  chemical  standards  for  milk. 

The  greatest  and  most  perplexing  variation,  however,  is  in  laws  and 
regulations  governing  sanitary  conditions.  Here  dairy  farmers  an 
milk  dealers  are  confronted  with  a  diversity  of  conflicting  data  and 
conjecture  regarding  bacterial  counts,  building  construction,  and  so 

forth. 

FORMULATING  A  MILK  ORDINANCE 

The  milk  ordinance  of  a  community  is  the  legal  authority  which 
idves  to  the  people,  through  their  Board  of  Health,  power  to  supervise 
;„d  control  the  milk  supply.  Three  distinct  phases  must ^ i  covered 
in  a  suitable  ordinance:  first,  fraud;  second  disease,  and  third,  clea 
Jiness  in  the  production  and  handling  of  milk. 


FORMULATING  A  MILK  ORDINANCE 
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Without  a  reasonable,  practical,  and  operative  ordinance,  milk 
control  officials  are  handicapped  in  their  efforts  to  improve  and  safeguard 
the  milk  supply.  Many  ordinances  are  so  worded  that  the  purpose  for 
which  they  are  drawn  cannot  be  secured.  Such  an  ordinance  should  be 
repealed  and  a  new  and  suitable  one  enacted  and  enforced.  The  wel¬ 
fare  of  a  community  depends  greatly  upon  the  ordinance  and  its  enforce¬ 
ment. 

Every  ordinance  should  provide  that  the  health  officials  be  given 
the  authority  to  make  rules  and  regulations  for  the  proper  enforcement 
of  such  ordinance.  This  is  essential.  Such  rules  and  regulations  should 
be  practical,  reasonable,  and  clear  in  wording  and  meaning. 

An  adequate  milk  supply  is  essential.  The  Board  of  Health  should 
be  concerned  with  quantity  as  well  as  quality.  Rules  should  not  be 
promulgated  which  would  result  in  an  inadequate  supply.  The  proper 
enforcement  of  common-sense  regulations  will  result  in  a  safe  milk 
supply  without  serious  curtailment  of  the  quantity. 

It  should  be  the  aim  of  the  milk  control  officials  to  constantly  improve 
the  quality  of  the  milk  supply.  With  a  suitable  ordinance  this  may  be 
done  by  adding  to  or  changing  the  rules  and  regulations  governing  the 
production  and  handling  of  milk,  without  the  necessity  of  amending  the 
ordinance. 

To  help  those  communities  that  contemplate  framing  new  ordi¬ 
nances,  and  those  which  are  about  to  revise  old  ones,  the  United  States 
Department  of  Agriculture  has  published  a  pamphlet  containing  a 
guide  for  formulating  a  milk  ordinance.  (1)  This  guide  is  a  skeleton 
ordinance,  simple,  concise  and  short.  It  does  not  definitely  fix  standards 
as  it  was  believed  that  such  standards,  especially  for  grades,  should  be 
made  only  after  a  careful  study  of  the  local  milk  supply.  Furthermore, 
the  “  model  ordinance  ”  does  not  deal  with  minor  regulations,  but 
empowers  the  local  health  department  to  make  rules  for  the  proper 
enforcement  of  the  ordinance. 

The  ordinance  advocated  is  as  follows: 


FORM  OF  ORDINANCE 

An  Ordinance  to  Regulate  the  Production  and  Sale  of  Milk 
and  Cream,  and  for  Other  Purposes 

Be  it  ordained  by  the .  of  the  city  of  .  . . 

(a)  -  milk  aifp°rithf  P?rPose  and  within  the  meaning  of  this  ordinance, 
(a)  milk  is^  the  lacteal  secretion  obtained  from  the  complete  milking 

milk  fit  htl  I  skimmed  mdk  ”  “  milk  from  which  substantially  all  of  the 
milk  fat  has  been  removed;  (c)  -  certified  milk  ”  is  milk  produced  and 
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handled  in  conformity  with  the  “  Methods  and  Standards  for  the  Pro¬ 
duction  and  Distribution  of  Certified  Milk,”  adopted  by  the  American 
Association  of  Medical  Milk  Commissions,  June  24,  1930,  and  amend¬ 
ments  thereto,  in  effect  at  the  time  of  production,  and  certified  to  by  a 
milk  commission  constituted  in  compliance  therewith;  (d)  “grade  A 
milk  ”  is  milk  produced  from  healthy  cows,  as  determined  by  the  tuber¬ 
culin  test  and  physical  examination  within  not  exceeding  one  year  pre¬ 
viously  by  a  qualified  veterinarian,  from  dairies  that  score  not  less  than 

. on  the  dairy-farm  score  card  in  current  use  at  the  time  by 

the  United  States  Department  of  Agriculture,  which  milk  shall  not,  at 

any  time,  contain  more  than . bacteria  per  cubic  centimeter. 

All  employees  on  Grade  A  farms  shall  be  subjected  to  a  medical  examina¬ 
tion  at  prescribed  intervals  and  shall  be  healthy  and  incapable  of 
transmitting  infectious  diseases;  (e)  “  grade  B  milk  ”  is  milk  produced 
from  healthy  cows,  as  determined  by  physical  examination  within  not 
exceeding  one  year  previously  by  a  qualified  veterinarian,  from  dairies 

that  score  not  less  than  .  on  the  dairy-farm  score  card  in 

current  use  at  the  time  by  the  United  States  Department  of  Agriculture, 

which  milk  shall  not,  at  any  time  contain  more  than . bacteria 

per  cubic  centimeter;  (/)  “  pasteurized  milk  ”  is  milk  every  portion  of 
which  has  been  heated  to,  and  for  at  least  thirty  minutes  held  at,  a 
temperature  never  less  than  142°  F. ;  (g)  cream  is  that  portion  of 
the  milk,  rich  in  milk  fat,  which  rises  to  the  surface  of  the  milk  on 
standing’  or  is  separated  from  it  by  centrifugal  force,  and  containing 

not  loss  than  .  per  cent  of  milk  fat )  (Ji)  homogenized, 

or  “  emulsified,”  milk  or  cream  is  milk  or  cream  which  has  been  sub¬ 
jected  to  the  mechanical  process  of  homogenization,  or  of  emulsification 
as  the  case  may  be;  (i)  “  untreated  containers  ”  are  containers  which 
either  have  not  been  subjected  to  moist  heat  at  a  temperature  as  high 
as  205°  F.  for  two  minutes  or  longer,  or  do  not  comply  with  such  alterna¬ 
tive  requirements,  to  be  prescribed  by  the  regulations  made  pursuant 
to  this  ordinance,  as  may  be  necessary  to  constitute  effective  treatment 
thereof-  and  (j)  “  person  ”  imports  both  the  plural  and  the  singular, 
as  the  case  demands,  and  includes  corporations,  partnerships,  societies, 

Xvhen construing  and  enforcing  the  provisions  of  this  ordinance,  the 
act  omission,  or  failure  of  any  officer,  agent,  or  other  person  acting  for 
or  employed  by  any  individual  or  by  any  corporation,  partners  p, 
socX  or  association,  within  the  scope  of  his  employment  of  office 
shall  in  every  case  be  also  deemed  to  be  the  act,  omission,  or.^  ur 
such  individual,  corporation,  partnership,  society,  or  association, 

WelSoc  TrtTno  person  S^SVr  ddivS' consumption  as  milk 
or  erfam  orThaveni°„  Session  with  intent  to  sell  or  deliver  for  con- 

oTLirrefwIter  or  any  foreign  substance  has  been 

added;  or  .  .  .  ner  cent  of  milk  fat  or  less 

(6)  Milk  contammg Jessf  than^  ^  -  -  cPream  containing  less  than  • 

unless  such  milk  or  cream  is  plainly 


as 


per  cent  of  milk  fat, 
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and  conspicuously  labeled  “  Subnormal,”  together  with  a  statement 
the  actual  per  cent  of  milk  fat  contained  therein;  or 
hTc)  Skimmed  milk  which  has  not  been  pasteurized  or  made  from 
pasteurized  milk,  which  is  not  labeled  “  Skimmed  Milk  ;  or 
P  (d)  Milk  or  cream  containing,  or  which  has  been  exposed  to,  a  y 

diSe(Tm^ofefeamfeac:on°tliner  of  which  is  labeled  or  branded  so  as 

to  ™*le^<|1°ro‘leccr®'™  produced1  from  diseased  cows,  or  from  cows  during 
the  period  of  15  days  preceding  parturition  or  within  such  time  there¬ 
after  as  the  milk  is  abnormal,  or  from  cows  which  have  been  fed  unwhole¬ 
some  food  or  have  had  access  to  contaminated  water;  or 

(a)  Milk  or  cream  which  falls  below  the  requirements  of  grade  B, 
as  defined  herein,  or  milk  or  cream  which  has  been  produced,  stored, 
handled,  or  transported  in  any  unclean  or  insanitary  manner;  or 

(h)  Milk  or  cream  the  retail,  or  the  final,  container  of  which  does 
not  bear  a  plain  and  conspicuous  statement  showing  the  kind  and  grade 
as  herein  defined;  or 

(i)  Milk  or  cream  in  untreated  containers;  or 

( j )  Milk  or  cream  which  such  person  has  kept  at  a  temperature 
higher  than  50°  F. ;  or 

(k)  Grade  B  milk  or  cream  which  has  not  been  pasteurized;  or 

(/)  Homogenized  milk  or  cream,  or  emulsified  milk  or  cream,  unless 
it  is  plainly  and  conspicuously  labeled  “  Homogenized,”  or  “  Emul¬ 
sified,”  as  the  same  may  be;  or 

(m)  Milk  which  has  had  the  cream  line  increased  by  artificial  means. 

(n)  Milk  or  cream  made  by  combining  milk  powder  and  water,  with 
or  without  the  addition  of  butter  or  butterfat,  unless  it  is  plainly  labeled 
“  Remade  ”  or  “  Reconstituted.” 

Sec.  3.  That  nothing  in  this  ordinance  shall  be  construed  to  pro¬ 
hibit  the  sale,  when  labeled  so  as  to  show  its  true  character,  of  either 
(a)  sour  milk  or  sour  cream;  or  ( b )  buttermilk,  or  any  similar  product 
made  from  pasteurized  milk  or  cream;  or  (c)  modified  milk  if  made 
from  milk  or  cream  equal  at  least  to  grade  B. 

Sec.  4.  That  no  person  shall  sell  or  deliver,  or  have  in  his  possession 
with  intent  to  sell  or  deliver,  for  consumption  as  milk  or  cream,  any 
milk  or  cream  without  a  permit  from  the  Board  of  Health  of . 

Sec.  5.  That  the  Board  of  Health  of  .  is  authorized  to 

make  such  regulations,  from  time  to  time,  as  are  necessary  for  the 
efficient  execution  of  the  provisions  of  this  ordinance,  and  to  issue  per¬ 
mits  to  sell  and  deliver  milk  or  cream  in  .  The  Board  of 

Health,  after  affording  the  permittee  an  opportunity  for  a  hearing, 
may  suspend  or  revoke  any  permit  issued  by  it  under  this  ordinance 
whenever  it  shall  determine  that  the  permittee  has  violated  any  of 
the  provisions  of  this  ordinance  or  of  the  regulations  made  hereunder, 
and,  without  affording  such  opportunity,  may  suspend  such  a  permit 
temporarily  whenever  it  deems  necessary. 

Sec.  6.  That  the  Board  of  Health  of  .  its  members 

officers,  and  agents,  shall  have  access  at  all  reasonable  times  to  any 
dairy  or  any  other  place  where  milk  or  cream  is  produced  for  sale; 
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to  any  wagon,  truck,  train,  car,  warehouse,  or  station  in  which  milk 
or  cream  for  sale  is  being  transported  or  is  being  held  for  transportation 
°r -ii  “ver3r>  and  to  all  establishments,  plants,  depots,  or  stores  where 
milk  or  cream  is  kept  or  stored  for  sale.  Any  person  who  hinders  or 
prevents^such  access  shall  be  guilty  of  a  violation  of  this  ordinance. 

Sec.  7.  T hat  any  producer,  handler,  or  seller  of  milk  or  cream, 
whether  principal,  agent,  or  employee,  who,  on  demand,  refuses  to  sell 
or  deliver  a  sample,  not  to  exceed  one  pint,  of  milk  or  cream  in  his 
possession  to  any  official  designated  by  the  Board  of  Health  to  collect 
samples,  shall  be  guilty  of  a  violation  of  this  ordinance. 

Sec.  8.  That  any  person  violating  any  of  the  provisions  of  this 
ordinance,  on  conviction  by  any  court  of  competent  jurisdiction,  shall 
be  punished  by  a  fine  of  not  more  than . dollars,  or  by  impris¬ 
onment  of  not  more  than . ,  or  by  both  such  fine  and  imprison¬ 

ment,  in  the  discretion  of  the  court;  and  for  each  subsequent  offense, 
and  conviction  thereof,  shall  be  punished  by  a  fine  of  not  more  than 

. dollars,  or  by  imprisonment  of  not  more  than . , 

or  by  both  such  fine  and  imprisonment,  in  the  discretion  of  the  court. 


ESSENTIAL  REGULATIONS 


Sometimes  health  departments  prefer  to  incorporate  definite  regu¬ 
lations  in  their  ordinances.  Even  if  they  do  not,  they  should  formulate 
such  regulations  as  will  properly  protect  the  milk  supply.  Essential 
rules  should  be  made  which  may  be  expanded  to  meet  all  conditions. 

At  the  meeting  of  the  International  Association  of  Dairy  and  Milk 
Inspectors,  held  in  Washington,  D.  C.,  October  15-17,  1917,  the  Com¬ 
mittee  on  Rules  and  Regulations  Necessary  for  Securing  a  Clean  and 
Safe  Milk  Supply  made  a  report,  the  gist  of  which  is  given  below. 

This  report  was  unanimously  adopted  by  the  association  and  repre¬ 
sents  the  best  thought  and  opinion  of  those  in  closest  touch  with  milk 
and  dairy  control  work. 

RULES 


From  the  report  of  the  Committee  on  Rules  and  Regulations  Necessary  for  Securing 
a  Clean  and  Safe  Milk  Supply,  Acting  for  the  International  Association  of  Dairy 
and  Milk  Inspectors. 


Rules  for  Production 

1.  Every  dairy  producing  market  milk  should  be  licensed  by  the 

city  or  state,  so  that  a  complete  record  may  be  kept. 

2.  Cattle  should  be  healthy,  as  determined  by  the  tuberculin  test 
and  a  physical  examination  by  a  competent  veterinarian.  -the} 
should  be  tested  at  least  once  a  year,  and  where  reactors  are  found  they 
should  be  removed  and  a  retest  conducted  within  six  months.  It  the 
milk  is  to  be  properly  pasteurized,  the  physical  examination  may  suffice 
but  the  committee  wished  to  affirm  its  belief  in  the  economic  and  sam- 


ESSENTIAL  REGULATIONS 


95 


tary  importance  of  the  tuberculin  test.  Milk  should  be  unsalable  f  rom 
cows  within  15  days  before  calving  and  as  long  thereafter  as  the  milk  is 

abnormal .  ong  engagecj  in  the  production  of  milk  should  be  free  from 
communicable  disease  and  from  contact  with  any  such  disease.  2  ledica 
examination  of  employees  is  advised  where  feasible. 

4.  Every  operator  of  a  dairy  farm  should,  within  24  hours,  notify 
the  health  department  having  jurisdiction  over  his  milk,  of  the  presence 
of  any  communicable  disease  on  his  farm  or  among  the  milk  handlers. 

5. '  The  water  supply  on  premises  where  milk  is  produced  should  be 
abundant  and  protected  from  contamination.  It  should  be  free  from 
any  disease-producing  organisms. 

6.  Privies  on  dairy  farms  should  be  fly-proof,  and  provided  with  a 
water-tight  receptacle  for  the  excreta.  The  excreta  should  be  removed 
frequently  and  buried  at  least  two  feet  deep,  where  they  cannot  con¬ 
taminate  the  water  supply. 

7.  Cows  should  be  clean.  They  should  be  free  from  accumulations 
of  dirt,  and  their  udders  and  flanks  should  be  wiped  with  a  clean,  damp 
cloth  just  previous  to  milking. 

8.  Milking  should  be  done  with  clean,  dry  hands  or  with  a  properly 
treated  milking  machine.  Milkers  should  milk  in  clean  clothing. 

9.  Some  type  of  small-top  milking  pail  should  be  used. 

10.  Milk  should  be  removed  as  soon  as  drawn,  to  a  clean  place, 
strained  through  a  new  cotton  or  other  clean,  efficient  strainer,  and  be 
cooled  within  one  hour  to  50°  F.  or  less.  It  should  be  kept  covered  and 
be  held  below  50°  F.  at  all  times. 

11.  All  utensils  which  come  in  contact  with  milk  should  be  thoroughly 
washed  and  treated  for  at  least  five  minutes  with  steam  or  boiling  water. 
They  should  be  kept  inverted  and  protected  from  contamination  until 
used. 


Rules  for  Transportation 

1.  During  transportation  from  farm  to  city,  milk  should  be  kept 
free  from  contamination  and  should  be  held  at  or  below  50°  F. 


Rules  for  Handling  and  Delivery 

1.  All  persons  engaged  in  the  sale  of  milk  should  be  licensed  bv  the 
state  or  city  in  which  they  conduct  their  business. 

2.  All  persons  engaged  in  the  handling  or  delivery  of  milk  should 

be  free  from  communicable  diseases  and  from  contact  with  such  dis- 

S;  ,The  °perat  °f  any  milk  plant  should  immediately  advise  the 

hf<fitmnlnPartmen^  °!ith-e  Presence  of  aiW  communicable  diseases  among 
his  employees  or  in  their  homes. 

cv  ,Vie  water  supply  of  all  establishments  where  milk  is  handled 
Should  be  pure  and  free  from  disease-producing  organisms. 

t  +  v.  rop.^  todet  facilities  should  be  provided  for  all  emplovees 

together  with  wash  bowl,  soap  and  towel  for  the  cleansing  of  hands  ’ 
5.  Where  pasteurization  is  performed,  a  temperature8  of  approxi- 
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mately  145°,  and  never  less  than  142°  F.,  should  be  maintained  for  at 
least  thirty  minutes. 

6.  All  machinery,  cans,  bottles,  etc.,  with  which  milk  comes  in  con¬ 
tact  should  be  thoroughly  washed  and  treated  with  steam  or  boiling 
water;  and  they  should  be  protected  from  contamination  until  used. 

7.  At  all  times,  except  during  pasteurization,  milk  should  be  held 
at  or  below  50°  F.  until  delivered  to  the  consumer. 

8.  Milk  should  be  delivered  to  the  consumer  only  in  bottles  or  sealed 
cans. 


APPROPRIATION  FOR  MILK  AND  DAIRY  INSPECTION 


The  cost  of  dairy  inspection  varies  according  to  a  number  of  factors, 
such  as,  number  of  farms  to  be  inspected;  distance  of  farms  from  city; 


Fio.  23. — A  laboratory  for  milk  analysis. 


accessibility  of  farms;  sanitary  condition  of  farms;  frequency  of  inspec¬ 
tion  ;  degree  of  laboratory  control,  etc.  The  influence  of  the  first  three 
factors  mentioned  is  obvious.  It  is  also  true  that  farms  in  bad  sanitary 
condition  need  frequent  and  thorough  inspection,  together  with  careful 
laboratory  examinations.  The  exact  cost  for  any  municipality  cannot 
be  accurately  predicted.  It  will  usually  run  from  5  cents  to  10  cents 
per  capita  population  per  year.  Quite  generally  the  per  capita  cost 
will  be  larger  in  small  cities  and  towns  for  an  adequate  full-time  control 
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system.  Associations  of  adjacent  towns,  and  county  control,  can  be 
used  economically. 

LABORATORY  FACILITIES  FOR  MILK  ANALYSIS 

In  milk-control  work,  it  is  essential  that  there  be  sufficient  laboratory 
facilities  for  chemical  and  bacterial  examinations  of  milk.  Bacterial 
counts  indicate  milk  of  doubtful  quality  and  serve  to  guide  the  dairy 
inspector  to  those  farms  or  city  plants  which  need  attention.  Chemical 
analyses  are  required  to  see  that  milk  comes  up  to  the  standard  and  is 
not  adulterated.  A  list  of  laboratory  equipment  and  supplies  of  the 
average  small  city  is  given  in  the  Appendix. 


ORGANIZATION  OF  INSPECTION  FORCE 

In  small  towns  where  only  one  or  two  inspectors  are  employed,  the 
organization  is  very  simple.  Usually  the  inspectors  report  directly  to 
the  city  health  officer.  Laboratory  examinations  are  also  conducted  by 
the  inspector. 

Where  large  forces  are  employed,  a  more  complex  organization  exists. 
Such  an  organization  includes  a  chief  inspector,  supervising  inspectors, 
farm  inspectors,  city  inspectors,  laboratory  workers  and  collectors  of 
samples.  A  practical  scheme  for  a  large  organization  is  as  follows: 


Mayor ' 


Health  Officer 
or 

Dept,  of  Pub-  ’ 
lie  Health 
or  Welfare  . 


Chief  Milk 
Inspector 


Supervising  Coun¬ 
try  Inspectors 


Dairy  Farm  Inspectors 
Country  Plant  Inspect¬ 
ors 


Supervising  City 
Inspectors 


’  Inspectors  at  R.R.  Ter¬ 
minals 

<  Inspectors  of  City  Plants 
Inspectors  of  Stores 
Collectors  of  Samples 


Laboratory  Chief 


Chemists 

Bacteriologists 


The  chief  inspector  is  responsible  for  carrying  out  policies  and  seeing 
that  the  supervising  inspectors  keep  in  close  touch  with  the  central 
office.  He  also  recommends  the  revocation  of  permits  and  helps  in 
prosecuting  court  cases. 


The  supervising  inspectors  are  assigned  a  certain  area  or  group  o 
plants,  and  must  see  that  the  inspectors  under  them  do  their  worl 
efficiently.  They  are  responsible  for  all  work  in  their  territory 

There  are  various  deviations  from  the  plan  outlined.  In  some  citie: 
e  inspection  forces  and  the  laboratory  forces  are  entirely  separate.  Ir 
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such  cases  the  heads  of  the  two  branches  report  independently  to  the 
health  officer  who  correlates  their  activities. 


INSPECTION  IN  SMALL  TOWNS 

In  small  towns  the  per  capita  assessment  to  maintain  efficient  milk 
inspection  would  be  too  great.  Neither  would  there  be  sufficient  work 
to  keep  an  inspector  busy  all  the  time.  In  several  such  cases,  the  situa¬ 
tion  has  been  met  by  the  combination  of  a  number  of  small  villages, 
whereby  a  competent  inspector  is  hired.  His  salary  and  expenses  are 
met  by  joint  appropriations,  and  he  inspects  the  supply  of  each  village. 
One  of  the  most  successful  of  these  organizations  is  the  Milk  Inspection 
Association  of  the  Oranges,  in  New  Jersey. 

Often,  when  a  town  does  not  employ  a  milk  inspector,  the  State 
Board  of  Health  or  State  Dairy  Commission  will  inspect  the  supply 
occasionally.  Sometimes  a  representative  of  the  state  will  be  desig¬ 
nated  as  an  “  agent/’  and  will  be  stationed  permanently  in  one  town. 
The  town  may  or  may  not  pay  part  of  his  salary. 


QUALIFICATIONS  OF  DAIRY  INSPECTORS 

In  the  past,  much  injury  has  been  done  to  the  dairy  industry  and 
to  the  cause  of  dairy  inspection  as  well,  by  the  employment  of  incom¬ 
petent  inspectors.  During  the  last  few  years,  there  has  been  a  decided 
improvement  along  this  line. 

Dairy  inspectors  should  possess  tact,  perseverance,  knowledge,  energy 
and  courage.  The  bullying  dictatorial  type  may  enforce  certain  rules 
temporarily;  but  the  greatest  good  and  more  lasting  results  are  secured 
by  the  inspector  who  uses  reason  as  a  flame  to  light  the  path.  I  or  that 
reason,  agricultural  graduates  and  men  who  have  lived  and  worked  on 
farms  are  particularly  useful;  they  can  understand  the  farmers  prob¬ 
lems,  and  offer  practicable  suggestions.  The  International  Association 
of  Dairy  and  Milk  Inspectors  appointed  a  committee  to  outline  the 
qualifications  of  inspectors.  The  committee  report  (3)  covered  investi¬ 
gations  in  thirty-one  states  and  one  hundred  and  two  cities.  The  con¬ 
ditions  disclosed  led  to  the  following  recommendations: 

1.  Cities  and  States  should  strive  to  employ  only  men  who  can  devote 

their  entire  time  to  dairy  and  milk  inspection. 

2  No  dairv  or  milk  inspectors  should  be  employed  who  cier  y 
private  incomTfrom  the  persons  with  whom  they  deal  in  them  mspect.cn 

W<3.k  Salaries  should  be  paid  to  dairy  and  milk  inspectors  commensurate 
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with  the  training  and  experience  necessary  for  properly  performing  the 

W°  4.  Dairy  and  milk  inspectors  should  be  protected  by  civil  service 

laws  against  removal  except  for  cause. 

5.  Civil-service  requirements  should  recognize  the  fact  that  special 
education  and  training  are  not  only  desirable  but  necessary  in  a  candi¬ 
date  for  appointment. 

6.  Dairy  and  milk  inspectors  should  be  agricultural  college  graduates 
or  should  have  at  least  attended  such  an  institution,  or  institutions  of 
similar  rank,  long  enough  to  have  acquired  a  working  knowledge  of  dairy 
sanitation,  bacteriology  and  chemistry. 

7.  It  is  very  desirable  that  inspectors  should  have  had  practical 
experience  in  at  least  one  branch  of  the  dairy  business,  so  that  they  are 
familiar  with  trade  practices  and  the  problems  with  which  they  will  be 
constantly  confronted. 

MILK  INSPECTORS’  ASSOCIATIONS 

For  the  purpose  of  unifying  inspection  methods  and  interchanging 
experience  on  mutual  problems,  dairy  and  milk  inspectors  have  formed 
State  and  International  Associations.  The  state  organization  in  Massa¬ 
chusetts,  with  a  membership  covering  practically  the  entire  state,  is  a 
splendid  example  of  such  cooperation.  Meetings  are  held  at  least  once 
a  year  and  many  valuable  papers  and  discussions  are  included. 

The  International  Association  of  Dairy  and  Milk  Inspectors  was 
organized  by  nine  men,  Oct.  16,  1911,  in  Milwaukee,  Wis.  Its  object  is 
“ to  develop  uniform  and  efficient  inspection  of  dairy  farms,  milk 
establishments,  milk  and  milk  products;  and  to  place  the  inspection  of 
the  same  in  the  hands  of  men  who  have  a  thorough  knowledge  of  dairy 

work.”  From  this  humble  beginning,  the  Association  has  made  a 
remarkable  growth. 


EDUCATIONAL  FEATURES  OF  DAIRY  INSPECTION 

Modern  dairy  inspection  includes  educational  work  with  milk  pro- 
ducers  milk  dealers,  and  consumers.  Of  course,  sanitary  instruction  is 
the  first  aim  and  duty  of  the  inspection  force.  Aside  from  this  help 
may  he  given  farmers  along  economic  lines,  such  as  better  buildings 
better  cattle,  better  feeding  practices,  etc.  An  inspector,  by  giving  suTh 
assistance  can  often  procure  desired  sanitary  results  by  gaining  the 
dairymen’s  good  will  and  confidence.  *  8  8 

m  l^Iilltv.COnteStS'~0ne  °f  the  best  edu<»M°nal  means  of  securing  better 
milk  is  the  competitive  milk  contest.  (4)  In  such  contests,  dairymen  p  o 

product  The  F  a  7tain  dty  are  aU°Wed  t0  subrait  ®mple.  of  their 
product.  The  samples  must  all  be  produced  on  the  same  date,  and  are 
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delivered  to  the  officials  in  charge,  to  be  placed  in  cold  storage.  When 
all  samples  are  in,  the  judges  rate  them  on  the  basis  of  bacterial  content, 
chemical  composition,  flavor  and  odor,  acidity,  sediment,  and  appear¬ 
ance.  The  method  of  scoring  milk  and  cream  will  be  discussed  in 
another  chapter. 

Prizes  are  awarded  the  dairymen  obtaining  the  highest  scores. 
These  prizes  are  usually  donated  by  the  Chamber  of  Commerce  or  other 
civic  organization.  Meetings  are  held  where  producers,  distributors 
and  consumers  are  brought  together  for  the  discussion  of  mutual  prob- 


FIQ.  24. — Samples  entered  in  a  milk  and  cream  contest. 


lems.  Such  meetings  usually  result  in  much  better  understanding 
between  all  parties  concerned. 

Milk-contest  Plan  for  Grading  Milk— Several  cities,  chiefly  on 
the  Pacific  Coast,  use  milk  scoring  to  establish  the  standing  of  the 
dairymen.  Samples  are  taken  at  intervals  from  the  milk  being  deliv¬ 
ered,  as  in  ordinary  inspection  routine.  The  laboratory  keeps  its  regular 
record  of  bacterial  counts,  fats  and  solids.  At  least  four  times  a  year 
samples  are  taken  to  be  scored  for  flavor  and  odor,  sediment,  acidity 
and  appearance.  At  the  end  of  the  year,  all  of  the  records  are  com¬ 
bined  into  a  total  score  on  the  milk  score  card.  These  scores  are  pub¬ 
lished,  divided  into  groups,  such  as  certified,  raw,  and  pasteurized. 
This  plan  has  aided  materially  in  improving  milk  supplies.  Of  course 
efficient  dairy  inspection  has  accompanied  the  milk  scoring,  u  muc 
of  the  success  can  be  attributed  to  the  influence  of  the  contests. 
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CHAPTER  VIII 


DAIRY  FARM  INSPECTION 


Sanitary  inspection  at  the  source  of  a  milk  supply  is  of  the  utmost 
importance,  for  dirty  milk  can  never  be  made  as  wholesome  as  clean 
milk.  It  can  be  improved  by  various  processes,  such  as  pasteuriza¬ 
tion;  but  it  can  never  be  made  so  desirable  as  milk  produced  and 
handled  under  sanitary  precautions.  If  the  milk  is  to  be  used  raw, 
inspection  is  obviously  necessary.  Pasteurization  should  not  be  used 
as  an  excuse  for  dirty  methods;  inspection  at  the  farm  is  equally 
essential  in  the  case  of  milk  which  is  to  be  pasteurized. 

Health  officers  of  323  cities  in  the  United  States  were  interrogated 
as  to  the  value  of  farm  inspection.  Replies  from  309  of  them  were 
decidedly  in  favor  of  inspection,  while  only  14  were  in  the  negative. 
Thus,  the  overwhelming  experience  of  men  engaged  in  milk  control 
work  is  in  favor  of  sanitary  inspection  at  the  farms.  This  does  not  mean 
that  farm  inspection  is  the  only  course  to  pursue.  Bacteriological  and 
chemical  control  should  be  correlated  with  field  inspection,  so  that  one 


serves  as  a  guide  to  the  other.  . 

Inspection  is  extremely  desirable  from  an  educational  standpoint. 
If  bacterial  counts  are  high,  the  inspector  can  go  immediately  to  the 
farm  at  fault,  and  point  out  insanitary  conditions.  Thus,  the  farmer 
is  shown  definitely  how  to  comply  with  the  regulations.  Shou  c  a 
farmer  receive  notice  from  the  health  department  of  a  high  bacterial 
count,  he  would  be  at  a  loss  to  know  how  to  improve  conditions,  unless 

he  had  the  advice  of  a  sanitary  expert. 

Inspection  of  dairy  farms  will  furnish  evidence  of  disease  in  dairy 

cows  and  milk  handlers.  It  will  supply  information  regarding  water 
supply  and  sewage  disposal-both  important  public  health  mattery 
It  win  enable  the  official  to  judge,  by  personal  acquaintance  with  the 
dairymen,  the  best  means  of  accomplishing  hoped-for  resuto  By 
means  of  it  he  may  be  able  to  accomplish  by  persuasion  what  m  g 
otherwise  fail  to  bring  about,  except  by  most  drastic  metho  s. 


SCORE-CARD  SYSTEM  OF  DAIRY  INSPECTION  (1) 

In  the  early  development  of  dairy  farm  inspection,  it  was  realized 
that  it  would  be  necessary  to  devise  some  system  to  insure  un.  ormi  y 

102 


SCORE-CARD  SYSTEM  OF  DAIRY  INSPECTION 


103 


inspection.  Originally,  the  milk  control  official  visited  the  dairies, 
made  comments,  and  took  notes  for  future  reference.  There  was  no 
system  of  comparison  between  dairies  and  no  method  of  determining 
their  sanitary  rating  or  standing  in  the  community. 

The  first  score  card  in  which  a  numerical  rating  was  given  was  devel¬ 
oped  in  1904.  During  the  next  three  years,  a  committee  from  the  offi¬ 
cial  Dairy  Instructors’  Association  (now  the  American  Dairy  Science 
Association)  studied  the  situation  and  evolved  the  general  outline  of  the 
card  now  used  by  the  Bureau  of  Dairy  Industry,  and  known  as  the 
official  score  card.  The  merits  of  this  card  were  recognized  from  the 
first,  and  its  use  has  spread  among  milk-control  officials  until,  at  the 
present  time,  many  cities,  state  departments,  and  educational  institu¬ 
tions  carry  on  inspection  with  the  dairy  farm  score  card. 

There  is  no  doubt  that  the  score  card  is  a  great  factor  in  improving 
a  milk  supply  and  has  a  place  of  equal  importance  with  bacterial  control. 

The  score  card  promises  uniformity  of  inspection.  The  inspector 
has  before  him  a  printed  fist  of  points  to  consider.  This  list  comprises 
factors  which  tend  to  obtain  better  sanitary  conditions  in  the  production, 
handling  and  transportation  of  milk.  The  use  of  this  card  insures  the 
same  kind  of  treatment  for  all  dairymen. 

It  promotes  friendly  rivalry  among  dairymen.  Since  each  dairyman 
in  a  community  occupies  the  same  status  as  regards  inspection,  the 
numerical  rating  establishes  the  position  of  each  one  in  comparison  with 
his  fellow  dairymen.  It  tells  him  his  standing  in  the  community  in 
relation  to  sanitary  milk  supply,  and  it  causes  the  ambitious  dairyman 
to  try  to  excel.  This  point  alone  means  better  sanitary  conditions  sur¬ 
rounding  the  production  and  handling  of  the  milk  supply. 

The  use  of  the  score  card  is  educational.  Most  dairymen  want  to 
deliver  a  high-grade  product.  The  score  card  teaches  the  points  of 
most  importance,  and  the  producer  learns  from  his  score  which  factors 
he  must  emphasize  in  bettering  his  supply. 

The  dairy  farm  score  card  systematizes  the  work  of  dairy  inspection, 
teaches  sanitary  milk  production  to  the  dairymen,  develops  healthy 
competition  among  producers,  interests  consumers  in  demanding  better 
sanitary  conditions  in  dairies,  and  results  in  a  cleaner,  safer,  purer  milk 

The  essential  principle  of  the  score-card  system  is  to  assign  a  certain 
mathematical  rating  for  each  condition  which  may  affect  the  m  i 
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vary  5  to  10  points  in  judgment;  but  if  this  25  points  is  divided  into 
items  of  1  or  2  points  each,  variation  will  be  slight. 

The  score  card  contains  100  points,  40  for  equipment  and  60  for 
methods.  The  total,  100,  represents  ideal  conditions.  The  score  card 
is  not  a  system  of  absolute  regulations,  but  rates  a  dairy  as  the  inspector 
finds  it,  giving  credits  for  good  conditions,  and  cuts  for  poor  ones. 


SCORE  CARD  VERSUS  BACTERIAL  COUNT 


The  dairy  farm  score  card  has  been  a  potent  factor  in  improving  city 
milk  supplies.  There  is  abundant  testimony  to  this  effect.  In  spite  of 
this,  there  has  been  some  criticism  of  the  score  card  which  is  apparently 
due  to  a  misunderstanding  of  its  real  function.  The  commonest  crit¬ 
icism  is  that  the  score  card  will  not  invariably  indicate  the  bacterial 
count  in  milk  from  individual  farms.  The  score  card  was  not  intended 
for  this  purpose;  it  was  devised  to  point  out  certain  factors  which  have  a 
bearing  on  the  sanitary  conditions  under  which  milk  is  pioduced. 
Obviously,  ratings  on  health  of  cattle,  purity  of  water  supplies,  feed  for 
cattle,  ventilation  and  air  space  in  barns,  and  such  items,  have  no 
decided  influence  on  the  numerical  bacterial  count;  but  they  are  impor¬ 
tant  because  they  indicate  possible  sources  of  dangerous  infection. 

It  is  true  that  some  small  communities,  without  laboratory  facilities, 
have  used  the  score  card  as  the  sole  means  of  judging  milk  purity.  In 
doing  this,  some  individual  cases  of  injustice  have  probably  occurred; 
for  it  is  possible  for  a  trained  man  to  produce  high  quality  nnlk  by  exer¬ 
cising  extreme  care  even  amid  poor  surroundings.  In  dairy  inspection, 
however,  we  are  not  dealing  with  the  exceptional  man;  but  with  the 
average  man.  Years  of  work  in  many  cities  have  demonstrated  that, 
on  the  average,  high-scoring  dairies  produce  high-class  milk,  and  vice 

Ver Table  22  shows  the  result  of  work  done  by  the  U.  S.  Department  of 
Agriculture  covering  the  milk  supplies  of  two  cities: 


TABLE  22 

Dairy  Farm 
Score. 

Number  of 
Samples. 

Average  Bacterial 
Count  per  c.c. 

40-  49 

50-  59 

60-  69 

70-  79 

80-  89 
90-100 

7 

31 

59 

128 

27 

3 

2,730,857 

1,311,951 

1,125,153 

234,880 

145,700 

23,000 
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The  figures  show  the  intimate  relation  between  general  sanitation 
and  bacterial  count.  Other  workers  in  the  actual  field  of  dairy  inspec¬ 
tion  have  reported  corroborative  results. 

In  spite  of  these  relations,  it  is  well  to  restate  the  fact  that  the  score 
card  is  primarily  intended  for  sanitary  surveys,  without  direct  bearing 
on  total  bacterial  count. 

THE  DAIRY  FARM  SCORE  CARD 

Reproductions  of  the  obverse  and  the  reverse  of  the  score  card  for 
dairy  farms  will  be  found  on  pages  105  and  106. 

The  numerical  ratings  are  divided  into  two  columns,  headed  “  Equip¬ 
ment  ”  and  “  Methods.”  The  greatest  credit  (60  points  out  of  100)  is 
given  to  methods,  because  cleanly  methods  are  of  greater  importance 
than  equipment  in  the  production  of  clean  milk. 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
Bureau  of  Dairy  Industry 


SANITARY  INSPECTION  OF  DAIRY  FARMS 


Score  Card 

Indorsed  by  the  American  Dairy  Science  Association 

Owner  or  lessee  of  farm . 

P.  O.  address . State... 

Total  number  of  cows . Number  milki 

Gallons  of  milk  produced  daily . 

Product  is  sold  by  producer  in  families,  hotels,  restaurants,  stores, 


cing. 


to. 


For  milk  supply  cf . 

Permit  No. 

Remarks: 


Date  of  Inspecl 


( Signed ) 


m 


.  dealer. 


,  19 


Inspector 


106 


DAIRY  FARM  INSPECTION 


Equipment. 


cows. 

Health . 

Apparently  in  good  health .  .  1 
If  tested  with  tuberculin  with¬ 
in  a  year  and  no  tuberculo¬ 
sis  is  found,  or  if  tested  with¬ 
in  six  months  and  all  react¬ 
ing  animals  removed .  5 

(If  tested  within  a  year  and  re¬ 
acting  animals  are  found  and  re 
moved,  3) 

Food  (clean  and  wholesome) . .  . 
Water  (clean  and  fresh) . 


STABLES 


Location  of  stable . 

Well  drained . 

Free  from  contaminating  sur¬ 
roundings  .  1 

Construction  of  stable . 

Tight,  sound  floor  and  proper 

gutter .  2 

Smooth, tight  walls  and  ceiling  1 
Proper  stall,  tie,  and  manger.  1 
Provision  for  light:  Four  sq.  ft.  of 

glass  per  cow . 

(Three  sq.  ft.,  3;  2  sq.  ft,  2; 
1  sq.  ft.,  1.  Deduct  for  uneven 
distribution) 

Bedding . 

Ventilation . . 

Provision  for  fresh  air,  con¬ 
trollable  flue  system .  3 

(Windows  hinged  at  bottom, 
1.5;  sliding  windows,  1; 
other  openings,  0.5) 

Cuhic  feet  of  space  per  cow,  500 

ft . 

(Less  than  500  ft.,  2;  less  than 
400ft.,  1  ;lessthan  300ft. ,0) 
Provision  for  controlling  tem¬ 
perature  .  1 

UTENSILS 


Construction  and  condition  of 

utensils . _ . 

Water  for  cleaning  . . . 

(Clean,  convenient, 
dant) 

Small-top  milking  pail 

Milk  cooler . 

Clean  milking  suits.  .  . 


and  abun- 


MILK  BOOM  OR  MILK  HOUSE 

Location:  Free  from  contaminat¬ 
ing  surroundings . 

Construction  of  milk  room.... 
Floor,  walls,  and  ceilings ....  1 
Light,  ventilation,  screens  ...  1 
Separate  rooms  for  washing  uten¬ 
sils  and  handling  milk . 

Facilities  for  steam . 

(Hot  water,  0.5) 


Total . 


Equipment. 


Score. 


Per¬ 

fect. 


40 


Al¬ 

lowed 


Methods. 


-f-  Methods. 


cows. 

Clean . 

(Free  from  visible  dirt,  6) 

STABLES 

Cleanliness  of  stables . 

Floor .  2 

Walls .  1 

Ceilings  and  ledges .  1 

Mangers  and  partitions .  1 

Windows . 1 

Stable  air  at  milking  time . 

Freedom  from  dust .  3 

Freedom  from  odors .  2 

Cleanliness  of  bedding . 

Barnyard . 

Clean . 

Well  drained . 

Removal  of  manure  daily  to  50 
feet  from  stable . 


MILK  ROOM  OR  MILK  HOUSE 

Cleanliness  of  milk  room . 


UTENSILS  AND  MILKING 

Care  and  cleanliness  of  utensils. . . 
Thoroughly  washed ........  2 

Treated  with  steam  for  15 

minutes . 3 

(Placed  over  steam  jet,  or 
scalded  with  boiling  water,  2) 
Protected  from  contamination 

Cleanliness  of  milking . 

Clean,  dry  hands ...... .  3 

Udders  washed  and  wiped.  .  .. 
(Udders  cleaned  with  moist 
cloth,  4;  cleaned  with  dry  cloth  or 
brush  at  least  15  minutes  before 
milking,  1) 

HANDLING  THE  MILK 

Cleanliness  of  attendants  in  milk 


room . .•••••••• 

Milk  removed  immediately  from 
stable  without  pouring  from  pail 
Cooled  immediately  after  milking 

each  cow . 

Cooled  below  50°  F . .  • 

(51°  to  55°,  4;  56°  to  60°,  2) 

Stored  below  50°  F . •  •  •  •  • 

(51°  to  55°,  2:  56°  to  60°,  1) 
Transportation  below  50°  F. . .  . 
(51°  to  55°,  1.5;  56°  to  60°,  1) 
(If  delivered  twice  a  day,  allow 
perfect  score  for  storage  and  trans' 
portation) 


Total . 


Score. 


Per¬ 

fect. 


Al¬ 
lowed  . 


2 

2 

2 

5 

3 

2 


60 


.  Final  Scorb 


Note  i — jf  any  exceptionally  filthy  condition  is 
y  be 

dLl^or5:.r».rr„^;m.i=-o7;ueid«nt,, 


found,  particularly  dirty  utensils,  the  total 


Note 
presence  of  a 
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The  following  instructions  for  using  the  dairy  farm  score  card  are 
taken  from  Circular  276,  U.  S.  Department  of  Agriculture.  (1)  They 
have  been  somewhat  modified  to  clarify  certain  points  and  enlarge 
others.  Good  judgment  and  careful  thought  are  necessary  in  making 
the  score;  conditions  as  they  actually  exist  must  be  weighed  against 
ideal  conditions.  By  considering  whether  items  are  quarter  perfect, 
half  perfect,  etc.,  intelligent  ratings  can  be  given.  Expert  inspectors, 
especially  at  high-class  dairies,  will  often  make  deductions  as  fine  as 
one-tenth  of  a  point. 

Equipment.— Health  of  Cows. — Every  individual  cow  in  a  herd  should 
be  well  nourished,  sound,  and  healthy.  Physical  disability  of  any 
description,  such  as  enlarged  glands,  lumpy  jaw,  running  sores,  inflamed 
or  defective  udder  or  teats,  makes  a  perfect  score  impossible.  A  deduc¬ 
tion  should  be  made  in  the  score  in  proportion  to  the  number  and  impor¬ 
tance  of  the  defects  found.  In  some  instances,  the  especially  dangerous 
condition  of  a  single  cow,  from  the  standpoint  of  healthful  milk,  may 
justify  a  score  of  zero  for  the  entire  herd  or  dairy. 

The  methods  to  be  employed  and  the  desirability  of  obtaining  definite 
knowledge  regarding  the  existence  or  non-existence  of  tuberculosis  are 
indicated  on  the  score  card.  If  the  herd  has  been  tested  with  tuberculin 
within  the  year  and  no  tuberculosis  found,  or  within  six  months  and  all 
reacting  animals  removed,  the  score  will  be  perfect,  and  5  points  are 
allowed.  If  tested  within  the  year,  but  not  within  six  months,  and 
reacting  animals  are  found  and  removed,  3  points  are  allowed. 

F eed. — Feed  should  be  free  from  mustiness  or  offensive  decomposition. 
Decaying  silage,  fermenting  brewers’  grains  or  distillery  slops,  or  moldy 
or  dusty  hay  should  reduce  the  score.  The  improbability  that  the  by¬ 
products  of  distilleries  and  breweries  will  be  fed  properly  has  led  many 
authorities  to  condemn  feeding  distillery  swill,  and  even  wet  brewers’ 
grain.  Under  ordinary  circumstances,  when  these  by-products  are  fed 

while  moist,  an  additional  cut  should  be  made  under  the  item  “  stable 
air  at  milking  time.” 


Sanitary  inspection  does  not  concern  itself  with  balanced  rations  and 
t  e  economical  phases  of  dairying— only  with  clean,  wholesome  feed. 

IFatov-Drmking  water  for  cows  should  be  fresh  and  uncontami- 
nated.  Danger  of  pollution  from  the  drainage  from  barnyard,  manure 
pi  e  or  privy  will  reduce  the  score,  as  should  unprotected  wells  and  stag- 
nant  pools  Where  the  water  tank,  trough,  or  other  receptacle  is  not 
kept  clean,  the  score  cannot  be  perfect.  The  water  supply  should  be  so 
convenient  to  the  stable  as  to  make  it  unnecessary  to  expose  the  cows  to 
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extreme  cold  or  severe  storms.  The  supply  should  be  so  abundant  as 
to  remove  any  doubt  as  to  the  ability  of  each  animal  to  satisfy  its  thirst. 

Location  and  Construction  of  Stable—  Cow  stables  should  have  a 
well-drained  location.  This  does  not  relate  to  construction;  a  score 
should  be  reduced  when  the  site  is  not  drained,  as  when  a  barn  is  built 
in  a  depression  or  on  level  land  which  is  not  underdrained.  The  stables 
should  also  be  free  from  contaminating  surroundings.  Horse  stables, 
pigeons,  chicken  coops,  stagnant  water,  privies,  etc.,  when  near  enough 
to  pollute  the  stable  air,  should  reduce  the  score.  Provision  is  made  in 
another  place  for  a  reduction  of  the  rating  when  the  barnyard  is  unclean 
and  poorly  drained,  though,  when  conditions  are  exceptionally  bad, 
an  additional  cut  can  be  made  here.  A  yard  may  be  so  very  dirty  as  to 
be  a  contaminating  adjunct  of  a  stable. 


Fig.  25. — Exterior  of  a  modern,  sanitary  dairy  stable.  Note  adequate  provision 

for  light  and  ventilation. 

The  stable  should  have  a  tight,  sound  floor,  incapable  of  absorbing 
liquids  to  any  appreciable  extent.  An  earth  floor  is  undesirable.  Back 
of  the  cows  should  be  a  gutter  (preferably  concrete)  of  sufficient  capacity 
to  hold  the  droppings  and  keep  them  from  soiling  the  cows.  A  gutter  16 
inches  wide  and  8  inches  deep  is  recommended.  It  should  have  sufficient 
incline  to  drain  readily,  unless  the  liquid  manure  is  taken  up  by  absorb¬ 
ents  Some  form  of  swing  stanchion  is  the  best  kind  of  tie,  as  it  allows 
freedom  and  keeps  the  animals  out  of  the  gutter.  The  manger  should 
be  as  simple  as  possible;  cumbersome  constructions  collect  dust,  pre¬ 
vent  circulation  of  air,  and  are  difficult  to  keep  clean.  When  of  wood, 
the  angles,  joints,  and  cracks  are  especially  liable  to  be  dirty,  and  in  case 
of  outbreaks  of  tuberculosis  disinfection  is  difficult.  A  concrete  trough 
or  a  smooth  manger  or  feeding  floor  answers  the  purpose  and  is  given  the 
highest  score.  Walls  and  ceilings  should  be  smooth  and  tight;  deduc¬ 
tions  in  the  score  should  be  made  for  exposed  crossbeams  bridging, 
braces,  shelves,  niches,  ledges  and  anything  which  might  harbor  dust. 
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Provision  for  Light. — An  abundance  of  light  destroys  bacteria,  pro¬ 
motes  the  health  of  animals,  and  facilitates  keeping  things  clean.  In 
scoring  for  this  item  consider  the  number  of  stanchions  rather  than  the 
number  of  cows  which  happen  to  be  in  the  barn  at  the  time  of  inspec¬ 
tion.  The  score  is  for  the  means  by  which  the  light  is  obtained,  as  well 
as  the  amount.  The  perfect  means  of  lighting  the  stable,  as  of  lighting 
the  residence,  is  by  glass  windows,  and  a  perfect  score  can  be  obtained 
only  where  there  are  4  square  feet  of  glass  per  stanchion.  Sometimes  a 
stable  is  well  lighted  on  one  side  or  at  one  end;  in  such  a  case  a  deduc¬ 
tion  should  be  made  from  the  score  for  “  uneven  distribution.” 

Bedding. — Cows  should  be  bedded  so  as  to  promote  their  comfort, 
especially  where  the  floor  is  of  cement,  but  the  bedding  should  not  be  of 


Fig.  26.  Interior  of  a  good  dairy  stable.  It  has  smooth  walls,  cleanable  floors  and 

capacious  gutters. 


such  nature  as  to  contaminate  the  milk.  Clean  shavings  are  highly 
advantageous  from  the  sanitary  standpoint.  Loam,  sand  and  dried 
muck  are  not  to  be  commended,  on  account  of  the  great  difficultv  in 
keeping  the  dust  out  of  the  hair  of  the  animals.  Horse  manure  should 
not  be  used  for  bedding.  Dusty  or  moldy  hay  or  straw  will  not  give  a 
perfect  score.  Dairies  of  superior  quality  have  been  seen  where  the 
covs  were  bedded  liberally  with  straw  previous  to  milking,  so  much 
being  used  that  the  milkers  had  to  kick  it  to  one  side  in  order  to  make  a 
p  ace  to  sit  down  and  milk.  Such  a  procedure  would  probably  result  in 
fil  m,  the  air  with  bacteria-laden  dust  and  militate  against  Ian  milk 
u  sufficiency  of  bedding  in  quantity  is  scored  on  the  side  of  equipment* 
the  cleanliness  of  the  bedding  and  its  proper  use  on  the  side  ZeZds.’ 
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1  entilation  (2).  The  item  of  ventilation  on  the  score  card  is  sub¬ 
divided  into  three  topics.  The  first  relates  exclusively  to  the  oppor¬ 
tunity  for  providing  pure  air;  the  second  to  the  prevention  of  excess  of 
impure  air  from  overcrowding  of  animals;  the  third  to  the  efficiency  of 
the  method  used  for  conserving  animal  heat  as  needed  and  for  main¬ 
taining  a  proper  temperature.  The  nearer  any  system  of  removing 
impure  air  and  admitting  fresh  air  approaches  to  being  automatic  the 
better  it  is.  No  system  is  absolutely  automatic;  but  to  be  scored  as 
perfect  it  should  have  some  kind  of  controllable  flues  or  their  equiva¬ 
lent.  The  King  system  is  the  most  generally  known  system  of  ventila¬ 
tion  and  is  probably  the  best  system  when  properly  installed,  in  working 


Fig.  27.— Section  of  dairy  stable  showing  action  of  the  wind  at  DD,  forcing  air  into 
the  stable  by  direct  pressure  at  BB  and  out  of  it  by  suction  at  top  of  ventilating 
shaft  A  A .  At  C  is  a  ceiling  register  to  be  opened  only  when  stable  is  too  warm 
or  when  draft  is  too  feeble.  From  “Ventilation  for  Dwellings,  Rural  Schools 
and  Stables,”  by  F.  H.  King.  Reprinted  by  permission. 


order  and  with  sufficient  capacity  for  the  number  of  stanchions  in  the 
stable.  Professor  King  says:  “  There  should  be  not  less  than  30  square 
inches  per  head  when  the  outlet  has  a  height  of  30  feet  above  the  celling 
of  the  stable.”  This  duct  should  work  on  the  principle  of  a  chimney, 
and  the  higher  it  is  the  greater  the  draft  or  suction.  Consequently  as 
this  outlet  is  of  less  height,  the  cross-section  area  should  be  greater 
while  if  it  is  higher,  the  area  may  be  less.  A  20-foot  outtake  won 
require  about  36  square  inches  per  stanchion,  according  to  Professor 

King. 


USING  THE  FARM  SCORE  CARD 


111 


The  system  of  ventilation  by  windows  swinging  in  at  the  top  is  an 
excellent  one,  though  not  quite  equal  to  the  King  system,  because  the 
possibihty  of  negligence  is  increased.  A  sliding  window  will  receive 
much  less  credit;  while  hay  holes,  large  spaces  in  the  loft,  and  even 
cracks  in  the  boarding  on  the  side  might  receive  some  slight  considei  a- 
tion  from  the  standpoint  of  admission  of  pure  air. 

A  stable  in  which  the  cows  have  been  kept  overnight  should  be  com¬ 
fortable  in  the  morning,  without  disagreeable  animal  odors.  The  item 
relating  to  the  control  of  stable  temperature  refers  to  the  possibility  of 
so  regulating  the  ventilating  system  as  to  secure  the  comfort  of  the  cows. 
For  instance,  a  stable  whose  supply  of  pure  air  comes  entirely  through 
wide  cracks  in  the  boarding,  admitting  drafts  on  the  cows,  would  score 
nothing  on  this  item.  Dependence  upon  sliding  windows  might  also 
reduce  the  score,  because  they  frequently  admit  air  in  drafts  on  the 
cows’  backs.  A  stable  having  a  roof  of  the  monitor  type  would  some¬ 
times  be  uncomfortably  cold  under  northern  conditions  by  allowing 
too  much  heat  from  the  cows’  bodies  to  escape,  and  therefore  such  a  roof 
would  call  for  a  reduction  of  the  score,  while  the  same  condition  in  the 
South  might  be  rated  perfect. 

An  overcrowded  barn  produces  discomfort,  is  hard  to  keep  clean 
and  usually  contains  impure  air.  A  proper  amount  of  space  per  animal 
to  receive  a  perfect  score  is  considered  to  be  not  less  than  500  cubic  feet. 
In  scoring  for  cubic  feet  of  air  space,  consider  the  number  of  stalls  rather 
than  the  number  of  cows  which  happen  to  be  present  at  the  time  of 
inspection.  A  stable  having  50  stanchions  with  15,000  cubic  feet  of 
space  should  be  regarded  as  having  300  cubic  feet  per  cow.  An  excessive 
amount  of  space  for  each  animal  dissipates  the  heat  from  the  cows’ 
bodies  and  may  be  as  bad  as  overcrowding.  Under  northern  condi¬ 
tions,  a  reduction  should  be  made  in  the  score  for  “  controlling  the 
temperature  ”  if  the  cubic  space  per  cow  exceeds  1000  feet. 


Professor  King,  in  his  book  on  ventilation,  frequently  qualifies  his 
statements  by  such  clauses  as  “  in  cold  climates.”  Through  eastern 
North  Carolina,  South  Carolina,  Georgia,  the  Gulf  States,  two-thirds 
of  Texas,  southern  New  Mexico,  southern  Arizona,  and  the  western 
slope  of  the  Pacific  Coast,  runs  an  isothermal  line  showing  10°  F.  below 
zero  as  the  lowest  temperature  ever  recorded  during  a  period  of  about 
thirty-eight  years.  This  line  somewhat  generally  marks  an  average 
mean  temperature  of  about  40°  F.  for  January,  the  coldest  month. 
Below  this  line  the  temperature  is  higher.  In  most  of  the  section  below 
this  line,  however,  occasional  chilly  winds  and  storms  call  for  protection 
o  animals,  and  therefore  some  means  of  ventilation— a  fact  which  is  too 
requent  y  overlooked  by  many  milk  producers  in  portions  of  the  South 
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and  on  the  Pacific  Coast.  The  particular  phase  of  ventilation  which 
demands  extreme  conservation  of  animal  heat  is  a  negligible  affair  in 
this  southern  belt. 

The  stable  should  be  scored  for  the  way  in  which  it  appears  to  be 
adapted  to  secure  results  when  those  results  are  needed,  and  not  merely 
on  conditions  at  the  time  of  the  inspector’s  visit.  For  example,  a  stable 
without  means  of  ventilation  should  score  zero,  even  in  summer  when  it 
is  empty,  the  cows  being  in  the  pasture. 

Utensils. — Utensils  should  be  of  metal,  with  as  few  seams  as  possible, 
Seams  which  are  unavoidable  should  be  flushed  smooth  with  solder. 
Rusty  and  battered  ware  should  not  be  used.  Wire-gauze  strainers 
should  be  avoided,  also  strainers  which  are  complicated  or  have  inac¬ 
cessible  parts  that  are  hard  to  clean.  Small-top  milk  pails  should  be 
used,  as  they  keep  out  dirt  and  do  much  to  promote  clean  milk.  The 
water  supply  for  washing  utensils  should  be  clean,  abundant,  and  con¬ 
venient;  the  chances  are  that  cleansing  will  not  be  thorough  when  the 
water  supply  is  meager  or  inconvenient.  Impure  water  may  convey 
undesirable  bacteria  to  the  utensils,  which  in  turn  will  contaminate  the 
milk;  hence,  shallow  wells  receiving  surface  drainage  are  to  be  regarded 
with  suspicion.  No  water  from  wells  where  seepage  from  house  wastes 
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or  barnyard  is  possible  should  come  in  contact  with  milk  utensils. 

Milkers  should  wear  clean  suits  used  only  for  milking  and  stored  in 
clean  place  "when  not  in  use.  fA.  milk  cooler  should  be  found  in  every  milk 
room,  as  well  as  facilities  for  an  abundance  of  hot  water  or  steam. 
Plenty  of  steam  for  steaming  utensils  is  the  perfect  arrangement;  but 
an  abundance  of  hot  water  which  can  be  used  while  it  is  at  a  boiling  heat 
is  a  good  substitute. 

The  word  “  cooler  ”  means  one  of  the  various  appliances  for  passing 
milk  over  a  cool  surface.  A  tank  in  the  milk  house  is  not  a  coolei, 
but  it  is  better  than  nothing  and  will  be  serviceable,  especially  when 
milk  is  sold  by  the  can,  and  might  be  allowed  a  quarter  point. 

Milk  House. — Every  dairy  should  have  a  milk  house  or  milk  room  (3) 
fitted  especially  for  the  use  to  which  it  is  to  be  put,  in  which  milk  can  be 
strained,  cooled,  bottled  or  canned,  and  stored,  and  in  which  utensils 
can  be  washed  and  cared  for.  If  possible,  the  washing  of  utensils  and 
the  handling  of  milk  should  be  done  in  different  rooms.  The  milk  house, 
if  attached  to  the  barn,  should  have  an  independent  outside  entrance; 
if  entered  from  the  barn  it  should  be  through  a  well-ventilated  passage¬ 
way  with  self-closing  doors  at  each  end,  only  one  of  which  can  be  open 
at  a  time.  The  milk  house  or  room  should  not  be  near  the  hog-pen, 
manure  pile,  privy,  or  anything  that  might  contaminate  the  air.  _  rh 
milk  room  should  be  light,  well  ventilated,  and  screened.  Flies  should 
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never  have  access  to  milk  or  utensils.  The  floor  should  be  smooth  and 
of  concrete,  sloping  so  as  to  give  good  drainage;  the  edge  should  be 
rounded  to  prevent  angles  for  collecting  and  harboring  dirt.  The  walls 
and  ceiling  should  be  smooth  and  tight;  concrete  or  tile  wainscoting  is 
desirable.  Dark  corners  or  inaccessible  places  should  be  avoided. 
Where  the  milk  house  has  several  rooms,  the  score  should  represent  the 
average  conditions,  giving  especial  consideration  to  the  room  in  which 
the  milk  is  handled.  Glass  windows,  having  an  area  of  at  least  10  per 
cent  of  the  floor  space,  should  be  provided. 

When  there  is  a  room  in  the  stable  where  the  milk  is  poured  from  the 
milk  pails  to  a  carrier  can,  that  room  should  be  considered  a  part  of 
the  milk  house,  for  purposes  of  scoring. 
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Fig.  28.— Interior  of  milk  house  showing  cooler  and  bottling  machine. 


Methods.  Cleanliness  of  Cows. — Cows  are  considered  clean  and 
entitled  to  perfect  score  when  carefully  groomed,  and  when  the  long 
hairs  on  the  flanks  and  udders  are  clipped.  Dust  on  backs  reduces  the 
score  1  point;  large,  easily  visible  particles  of  manure  or  mud  on  sides, 
tails,  or  udders,  another  point;  and  long  hairs  on  udders,  still  another! 

Cleanliness  of  Stable.— Stable  floors  should  be  kept  clean  by  frequent 
careful  sweeping  and  washing.  Walls  should  be  free  from  manure 

should  Tf  ’  °f  f  anehions>  Partitions,  ledges,  and  ceilings 

should  be  clean  and  free  from  dust  and  cobwebs.  The  inspector  should 

carefully  examine  all  of  the  places  named  for  dust,  and  make  dedul 
ions  when  it  is  found.  Mangers  should  be  clean;  there  should  be  no 
t  or  fermenting  feed  in  cracks  and  corners.  Whitewash  should  he 
reely  applied  on  walls,  ceilings,  partitions,  etc.  Windows  should  be 
dean.  In  scoring  a  «  certified  ”  or  high-class  dairy  ,  tls 
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necessary  to  make  deductions  of  small  fractions.  The  inspector  should 
be  extremely  cautious  about  scoring  any  item  absolutely  perfect  from 
the  standpoint  of  cleanliness. 

Air  in  Stable. — The  stable  air  should  be  free  from  dust  and  odors  at 
time  of  milking.  The  air  may  be  contaminated  by  lack  of  ventilation, 
by  horses  in  the  stable,  by  hogs  in  the  basement,  by  manure  in  a  cellar, 
by  feeding  silage  or  dusty  fodder  just  before  milking,  by  dusty  bedding, 
by  feeding  distillery  swill  or  wet  brewers’  grains,  and  in  other  ways. 
When  inspectors  cannot  be  present  at  the  time  of  milking,  a  reasonably 
accurate  estimate  of  conditions  can  be  reached  by  general  appearances 
and  by  questioning  the  person  in  attendance  as  to  time  and  manner  of 
feeding,  etc.  When  a  dairy  is  scored  several  times  a  year,  the  inspector 
will  soon  get  a  just  idea  of  conditions. 

Barnyard  and  Manure. — The  manure  should  be  removed  daily  from 
the  stable,  to  such  a  distance  (not  in  the  yard)  as  to  preclude  the  chance 


p1Q  29. — Removal  of  manure  from  barn  to  field  daily.  A  sanitary  and 

economical  method. 


of  odors  getting  back  to  the  milk.  There  should  be  no  accumulations  of 
manure  in  the  stable  yard,  which  should  be  kept  clean  and  reasonably 
drv  in  order  to  merit  a  perfect  score.  Where  conditions  are  favorable, 
the  ideal  way  is  to  remove  the  manure  daily  to  the  field;  this  will  often 
prove  an  actual  economy  in  conservation  of  plant  food. 

Cleanliness  of  Milk  Room—  Where  the  milk  house  has  several 
rooms,  the  score  for  cleanliness  must  be  based  large  y  on  the  general 
conditions.  If  there  is  a  room  in  the  barn  where  milk  is  poured  from 
the  pail  to  the  can,  that  room  should  be  regarded  as  a  part  of  the  m  k 
house.  But  especial  attention  should  be  paid  to  the  cleanliness  o 
room  in  which  the  milk  is  handled.  This  room  should  be  used  or  no 
other  purposes  than  cooling,  canning,  bottling,  or  storing  milk, 
used  for  general  storage  purposes  or  for  anything  but  handling  milk,  the 
score  ^should  be  materially  reduced.  A  high  standard  of  cleanhness 
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should  be  maintained  in  every  part  of  the  floor,  walls,  and  ceiling  of  the 
milk  room.  When  milk  is  stored  or  cooled  in  a  tank,  bad  odors  or  foul 
water  will  reduce  the  score.  In  some  localities  there  is  a  tendency  to 
introduce  gasoline  engines  for  power;  and  where  these  are  located  in  the 
milk  room,  unless  there  is  evidence  of  exceptional  painstaking,  the 
liability  to  odors  is  such  that  they  should  cause  a  reduction  in  the 
score. 

Cleaning  Utensils—  All  utensils  should  be  clean  on  superficial  inspec¬ 
tion;  no  dirt  should  be  found  in  seams  or  places  difficult  of  access. 
After  the  utensils  are  washed  they  should  be  scalded  with  boiling  water, 


Fig.  30.  Milker  washing  his  hands  after  milking  each  cow. 


steamed,  or  treated  with  chemicals.  The  ordinary  equipment  for 
heating  water  does  not  usually  provide  it  in  sufficient  quantities  and 
of  sufficient  heat  to  thoroughly  treat  the  utensils. 

The  utensils,  after  being  washed  and  treated,  should  be  inverted 
m  pure  air  to  dram  and  dry.  If  allowed  to  remain  upright,  more  or 
less  dust  may  fall  into  them.  Where  a  steam  cabinet  is  used,  a  perfect 
score  can  be  allowed  if  the  utensils  remain  therein  until  used. 

milk  wb7TMeu0dl0f IT"™8 Sh°Uld be cleanly'  The milker should 
milk  with  clean,  dry  hands.  The  cows’  udders  should  also  be  clean- 

a  perfect  score  ,s  secured  only  by  washing  them  thoroughly  and  then 

ng  ry.  ipmg  with  a  moist  cloth  is  the  next  best  thing,  and  wiping 
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with  a  clean,  dry  cloth  or  brush  gives  one  point  on  the  score,  if  done 
several  minutes  previous  to  milking,  so  that  the  dust  can  settle  before 
the  milking  begins.  If  the  milker,  after  sitting  down  to  milk,  gives  the 
udder  a  rub  with  his  hands  or  a  dry  cloth,  he  may  stir  up  dust  that  will 
fall  back  into  the  milk  pail.  Such  a  method  is  generally  worse  than 
doing  nothing  and  should  have  no  credit. 

It  would  be  desirable  to  have  all  scoring  done  at  milking  time,  but  this 
is  impracticable,  as  it  would  limit  the  work  of  the  inspector  to  two  or 
three  dairies  a  day.  Careful  questioning  by  the  inspector,  with  close 
examinations,  will  usually  give  him  a  fairly  accurate  idea  of  the  method 
of  milking.  If,  for  instance,  he  is  told  that  the  udders  are  carefully 
washed  daily,  while  inspection  shows  lumps  of  manure  attached  to  the 
long  hairs  near  the  teats,  only  one  inference  is  possible.  Sediment  in 
the  milk  or  dirt  on  a  strainer  cloth  tells  the  story  of  a  dirty  udder. 

Handling  Milk. — Milk,  as  soon  as  drawn,  should  be  immediately 
removed  from  the  stable  so  that  it  may  absorb  no  odors  or  dust.  If  for 
convenience,  several  milkers  fill  one  can  in  the  stable,  a  perfect  score 
could  not  be  given  even  if  the  can  is  promptly  taken  to  the  milk  room 
when  full,  for  it  is  bad  practice  to  pour  milk  in  the  stable,  and  at  least 
half  a  point  should  be  deducted  for  that.  The  score  should,  however, 
be  higher  when,  as  stated  above,  each  can  is  removed  to  the  milk  house 
as  soon  as  filled  than  if  the  milk  remained  in  the  barn  till  all  the  cans 
were  filled.  When  two  or  more  cows  are  milked  to  fill  a  pail,  which  is 
then  taken  to  the  milk  house,  the  score  would  not  be  quite  perfect, 
but  would  be  better  than  where  the  milk  is  poured  in  stable  air. 


As  soon  as  the  milk  reaches  the  milk  room  it  should  be  cooled.  This 
is  best  performed  by  running  it  in  a  thin  sheet  over  a  surface  kept  cool 
by  ice  water.  Spring  water  of  a  temperature  under  60°  F.  has  much 
mprit,  for  cooling  milk,  though  it  is  not  as  good  as  ice.  Prompt  and 


The  cleanliness  of  the  persons  v 
allowed  2  points  on  the  score  card. 
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Storing. — This  refers  to  conditions  where  the  night’s  milk  is  held  over 
for  delivery  in  the  morning.  When  the  producer  goes  to  the  trouble  and 
expense  of  two  deliveries  a  day,  as  in  some  southern  latitudes  where  ice  is 
not  plentiful,  that  extra  delivery  can  offset  the  absence  of  storing  facil¬ 
ities  and  give  a  perfect  score  on  this  item,  though  from  the  standpoint  of 
economy  ice  is  often  less  expensive  than  the  second  delivery. 

Transportation. — Transportation  is  to  be  scored  from  the  same  view¬ 
point  as  stables,  to  wit,  the  adaptability  of  the  method  to  the  results 
desired  when  those  results  are  needed.  The  word  here  means  trans¬ 
portation  as  far  as  the  producer  is  responsible — delivery  to  the  railroad 
station,  for  instance.  The  transportation  which  is  incident  to  distri¬ 
bution  is  not  rated  here. 


TRANSPORTATION  BETWEEN  COUNTRY  AND  CITY 

Inspectors  should  pay  particular  attention  to  the  care  milk  receives 
after  it  leaves  the  farm  and  before  it  reaches  the  city.  By  carefully 
studying  the  conditions  in  his  territory,  the  inspector  may  be  of  great 
service  in  improving  them.  Train  schedules  may  sometimes  be  adjusted 
so  that  milk  does  not  have  to  stand  so  long  in  the  heat  before  shipment. 
Covered  sheds  or  stands  for  the  protection  of  milk  awaiting  shipment 
are  extremely  desirable.  Proper  provision  for  icing  or  otherwise  refrig¬ 
erating  milk,  especially  on  long  hauls,  should  be  provided.  In  mixed 
cars,  crates  of  chickens,  hides  and  other  matter  which  might  contaminate 
milk  should  be  kept  at  a  distance.  Cans  should  be  sealed,  so  that  train 
employees  cannot  drink  from  the  lids — a  wasteful  and  insanitary 
practice. 

At  the  city  terminal,  milk  cars  should  be  switched  to  the  milk  plat¬ 
form  expeditiously,  so  that  there  is  no  unnecessary  delay.  Milk  dealers 
must  remove  milk  from  railroad  platforms  within  a  short  time  and 
transport  it  quickly  to  the  plant. 
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CHAPTER  IX 


INSPECTION  IN  THE  CITY 


CITY  MILK  PLANTS 


Middlemen,  or  city  milk  distributors,  now  occupy  an  important 
place  in  the  market  milk  industry.  They  receive  milk  from  the  coun¬ 
try,  usually  pasteurize  and  bottle  it,  and  deliver  it  to  the  consumer. 

The  city  milk  plants  must  be  inspected  to  see  that  equipment  of 
a  sanitary  type  is  used  and  that  sanitary  methods  are  followed  in  the 
plant.  It  is  necessary  to  see  that  all  milk-handling  apparatus  is  properly 
constructed.  The  arrangement  and  layout  of  the  plant  must  be  con¬ 
sidered;  the  milk-handling  rooms  should  be  separate  from  those  where 
cans  and  bottles  are  washed,  and  all  rooms  should  have  tight  sound 
floors  and  tight  smooth  ceilings.  There  should  be  ample  provision  for 
drainage,  ventilation  and  light  in  milk-handling  rooms.  The  cleanliness 
of  the  rooms  is  important  and  much  attention  must  be  given  to  the 
methods  used  in  cleaning  the  milk-handling  apparatus  and  bottles. 
All  such  apparatus  should  be  thoroughly  steamed  or  otherwise  treated 


after  cleaning.  , 

The  inspector  should  always  have  an  accurate  thermometer  and 

note  should  be  taken  of  the  temperature  of  the  milk  as  received,  t  e 
temperature  used  in  pasteurization,  and  the  final  temperature  of  the 
milk  after  it  is  put  into  the  bottles.  Much  attention  should  be  given 
to  the  pasteurizing  process  to  see  that  the  proper  temperatures  are 
used  and  it  is  a  good  plan  to  make  tests  of  the  efficiency  of  the  process 
from  time  to  time.  The  cleanliness  and  health  of  all  milk  handlers  is, 

TJSt. .  **  —  •!  —’""Sts 

methods.  They  vary  from  the  huge  city  pl‘™ ts  y 

trainload  to  the  one-room  building  of  the  small  milk-peddle  . 


SCORE  CARD  FOR  CITY  MILK  PLANTS  (1) 

All  of  the  varying  styles  of  city  milk  plants  need  careful  inspection 

hutrSplesVverning  the  “ 

S£Z  if  ™.k  should  not  he  ban- 
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died  in  unclean  utensils,  and  it  should  always  be  kept  cool.  Conse¬ 
quently,  in  city  plants  as  in  dairy  inspection,  the  same  general  principles 
must  govern  the  inspector.  A  score  card  for  city  milk  plants,  based  on 
these  principles,  has  been  devised  by  the  Bureau  of  Dairy  Industry, 
U.  S.  Department  of  Agriculture.  It  has  been  found  in  practice  to  be 
adapted  to  small  and  large  plants.  It  is  shown  on  pages  120  and  121. 

The  city  milk  score  card,  like  that  for  dairy  farms,  is  divided  into 
two  parts,  one  for  equipment  and  one  for  methods.  Here  again,  meth¬ 
ods,  being  of  greater  importance,  are  given  more  credit. 

Equipment. — Building  Location. — The  location  of  the  building 
should  be  free  from  surroundings  such  as  stables,  dumps,  etc.,  which 
might  give  off  offensive  odors  and  dust-borne  infection. 

Arrangement  and  Construction  of  Building. — There  should  be  sep¬ 
arate  rooms  for  the  various  plant  operations.  It  is  particularly  impor¬ 
tant  that  a  separate  room  be  provided  for  handling  the  milk.  Such  a 
room  may  more  readily  be  kept  free  from  flies,  dust  and  odors. 

All  floors  should  be  of  non-absorbent  material,  so  that  milk  will  not 
soak  into  them,  causing  odors  and  sources  of  contamination.  Con¬ 
crete,  glazed  tile  and  certain  composition  floorings  have  proved  satis¬ 
factory  for  milk-plant  floors. 


As  far  as  possible,  hospital  construction  should  be  used  throughout 
the  plant.  Walls  and  ceilings  should  be  kept  smooth,  tight  and  clean- 
able.  Glazed  white  tile,  or  concrete  or  brick  coated  with  a  waterproof, 
white  enamel  paint,  give  an  attractive  finish  and  are  easily  cleaned. 

Floois  must  be  properly  pitched  so  that  there  are  no  standing  pools 
of  water  or  waste.  Sewage  and  waste  should  flow  through  trapped 
drams  to  a  sewage  disposal  system  or  into  a  city  sewage  system. 

Theie  should  be  at  least  1  square  foot  of  window  glass  for  each  10 
square  feet  of  floor  space.  This  is  especially  important  in  the  receiving 
and  handling  rooms,  and  severe  cuts  are  warranted  for  deficiencies  in 
those  places.  Light  should  be  evenly  distributed  so  that  all  parts  of  the 
room  receive  its  beneficial  effect. 

In  small  plants,  air  may  be  Admitted  through  windows;  but  in  the 
large  plants  a  forced-air  system  of  ventilation  is  desirable.  Perfect 
credit  should  be  allowed  only  when  there  is  some  means  of  changing  the 

mlcMnery  CaUS“g  ***  °n  the  “Chandlers,  or  on  milk 

odoOutlet  flues  are  essential  to  carry  off  impure  air,  steam,  vapors  and 


c^kiiir  t::  atddr  ioHr1* 

poorly  fitting  screens  and  lack  of  self-closing  springs  on  ^doom” 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
Bureau  of  Dairy  Industry 


SANITARY  INSPECTION  OF  CITY  MILK  PLANTS 

Score  Card 


Owner  or  manager 

Street  and  No . 

City . 

Trade  name . 

Number  of  wagons. . . 
Permit  or  License  No 
Date  of  inspection . . . 


State 


Gallons  sold  daily 


Milk. . 
Cream 


) 


192 


Remarks: 


, . .  Inspector. 
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Equipment. 


Building: 

Location:  Free  from  contami¬ 
nating  surroundings . 


Arrangement . 

Separate  receiving  room ...  1 
Separate  handling  room.  .  .  2 

Separate  wash  room .  1 

Separate  salesroom .  1 

Separate  boiler  room .  1 

Separate  refrigerator  room.  1 

Construction . 

Floors  tight,  sound,  clean- 

able  .  2 

Walls  tight,  smooth,  clean- 

able  .  1 

Ceilings  smooth,  tight, 

cleanable .  1 

Drainage .  2 

Floors .  1 

Sewer  or  septic  tank. . .  1 

Provision  for  light .  2 

(10  per  cent  of  floor  space) 

Provision  for  pure  air .  2 

Screens .  1 

Minimum  of  shafting,  pul¬ 
leys,  hangers,  exposed 

pipes,  etc .  1 

Apparatus . 

Boiler .  2 

(Water  heater,  1) 

Appliances  for  cleansing  uten¬ 
sils  and  bottles .  2 

Sterilizers  for  bottles,  etc. ...  2 

Bottling  machine .  1 

Capping  machine .  1 

Washbowl,  soap,  and  towel  in 

handling  room .  1 

Condition .  6 

Milk-handling  machin¬ 
ery .  3 

Pipes,  couplings,  and 

pumps .  2 

Cans .  1 

Laboratory  and  Equipment.. 


Water  supply . 

Clean  and  fresh .  1 

Convenient  and  abundant. .  .  1 


Total . 


Score. 


Per¬ 

fect. 


12 


15 


to 


Al¬ 

lowed 


Methods. 


Building . 

Cleanliness: 

Floors .  3 

Walls .  2 

Ceilings .  2 

Doors  and  windows .  1 

Shafting,  pulleys,  pipes,  etc ...  1 

Freedom  from  odors .  2 

Freedom  from  flies .  3 

Apparatus . 

Cleanliness: 

Thoroughly  washed  and 

rinsed .  3 

Milk-handling  mach ...  2 

Pipes,  cans,  etc .  1 

Sterilized  with  live  steam...  3 
Milk-handling  mach.  .  2 

Pipes,  cans,  etc .  1 

Protected  from  contamina¬ 
tion  .  1 

Bottles . 

Thoroughly  washed  and 

rinsed .  3 

Sterilized  with  steam  15  min.  3 

Inverted  in  clean  place .  1 

Handling  milk . 

Received  below  50°  F .  3 

(50°  to  55°,  2) 

(55°  to  60°,  1) 

Rapidity  of  handling . 2 

Freedom  from  undue  exposure 

to  air .  2 

Cooling .  5 

Promptness .  2 

Below  45°  F .  3 

(45°  to  50°,  1) 

Capping  bottles  by  machine. .  2 
Bottle  top  protected  by  cover  1 

Storage;  below  45°  F .  4 

(45°  to  50°,  3;  50°  to  55°,  1) 
Protection  during  delivery. . .  2 
(Iced  in  summer) 

Bottle  caps  sterilized .  l 

Inspection . 

Bacteriological  work .  3 

Inspection  of  dairies  supply' 

ing  milk .  3 

(2  times  a  year,  2;  once  a 
year,  1) 

Miscellaneous . 

Cleanliness  of  attendants. .. .  2 

(Personal  cleanliness,  1; 
clean,  washable  clothing 
1) 

Cleanliness  of  delivery  outfit .  2 
Total . 


n  ™  TfT“'  7: . pl“  ’core ,or  “e,h”dr:: . ««■»>» 

Note. — If  the  conditions 


Score. 


Per¬ 

fect. 


14 


22 


6G 


Al¬ 

lowed. 


expressed  by  a  score ^  ^^ecuately 


Score . 


122 


INSPECTION  IN  THE  CITY 


Apparatus. — A  boiler  is  essential,  so  that  plenty  of  steam  will  be 
available  for  treating  utensils  and  heating  wash  water.  Bottle  and 
can-washing  facilities  are  necessary,  and  cuts  should  be  made  wherever 
these  are  inadequate. 

It  is  desirable  that  the  milk  be  touched  by  clean  machinery  rather 
than  subjected  to  a  chance  of  manual  contamination;  therefore,  allow¬ 
ances  are  made  for  bottling  and  capping  machines. 

Credit  is  given  for  adequate  means  for  the  washing  of  operators’ 
hands  in  the  milk-handling  room.  Hands  often  become  soiled  by  han¬ 
dling  cases,  adjusting  machinery,  etc.;  anti  it  is  desirable  to  have  a 
nearby  place  where  they  may  be  readily  cleaned. 

The  condition  of  the  milk-handling  equipment,  pipes,  pumps,  cans, 
etc.,  should  receive  careful  inspection.  Cuts  should  be  made  for  badly 
battered  surfaces  which  are  hard  to  clean.  Piping  through  which  milk 


flows  should  be  of  sanitary  type,  and  should  have  frequent  hand  couplings 
so  that  it  may  be  taken  down  for  cleaning. 

Laboratory. — Two  points  credit  are  given  for  laboratory  and  equip¬ 
ment.  Perfect  scores  should  be  given  only  where  there  are  facilities 

for  both  chemical  and  bacteriological  tests. 

Water  Supply. — Credits  are  given  for  the  cleanliness,  freshness,  con¬ 
venience  and  abundance  of  the  water  supply.  Cuts  should  be  made 
if  there  is  any  question  of  the  purity  of  the  water  supply.  Further 
deductions  are  made  if  the  volume  of  water  is  not  abundant  for  all  needs, 
and  if  faucets  or  supply  lines  are  at  considerable  distance  from  where 


water  is  needed,  especially  for  washing  apparatus. 

Methods. — Building. — Careful  examination  should  be  made  of 
walls,  floors,  ceilings,  doors  and  windows.  If  dust  and  dirt  are  foun  , 
deductions  should  be  made  depending  upon  the  amount  of  dirt,  and  the 
likelihood  of  its  falling  or  being  blown  into  milk  or  upon  apparatus. 

The  air  in  the  plant  should  be  free  from  disagreeable  odors,  in  order 
to  obtain  a  perfect  score.  Special  attention  should  be  paid  to  the  nnlk- 

hundhng^room^eiy  to  keep  flies  out  of  all  parts  of  a  milk  plant. 

Thev  swarm  in  when  doors  are  opened,  and  enter  on  dirty  bottles,  cans, 
etcTwS  are  brought  in.  In  scoring,  keep  this  fact  m  mind  mid  tee 
scores  on  practical  conditions  under  careful  management  Thc  receiv 
“  room  and  milk-handling  room  should  be  *j-  rom  - 

A  nnaratus  — All  apparatus  coming  in  contact  with  milk  snouia 

swTSaeSis 

deserve  deductions. 
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Observations  should  be  made  as  to  the  quantity  of  steam  or  hot 
water  used,  the  length  of  treatment,  and  the  probability  that  all  parts 
of  the  apparatus  receive  sufficient  heat.  All  apparatus  should  be 
subjected  to  a  temperature  of  at  least  205°  F.  for  at  least  five  minutes. 
Chemical  solutions  should  be  regularly  tested. 

Milk  cans  should  receive  special  attention.  Dirty  cans  may  be  the 
source  of  great  contamination.  Examination  of  milk  cans  in  seventeen 
city  milk  plants  showed  that  59  per  cent  of  the  cans  would  have  given 
a  contamination  of  over  1000  bacteria  per  cubic  centimeter  to  milk  placed 
therein.  Inspectors  should  take  frequent  samples  from  empty  cans. 
For  this  purpose  each  can  is  rinsed  with  500  c.c.  of  sterile  water,  a  por¬ 
tion  of  which  is  then  plated  for  bacterial  count.  The  contamination 
per  cubic  centimeter  of  milk  is  then  computed  by  the  following  formula. 


Bacteria  per  c.c.  of  rinse  water  X  c.c.  of  water 
c.c.  in  container 


Contamination  per 
c.c.  of  milk. 


A  10-gallon  can  holds  37,854  c.c. 

Bottles. — In  small  plants  bottles  are  usually  washed  by  hand  or  on 
revolving  brushes,  while  in  the  large  plants,  special  machines  are  used. 
Whatever  method  is  followed,  bottles  should  be  perfectly  clean.  Exam¬ 
ine  especially  the  rim  or  “  cap  seat,”  and  the  bottoms.  Perfect  treat¬ 
ment  may  be  obtained  in  a  steam  oven  where  the  bottles  may  be  sub¬ 
jected  to  steam  for  fifteen  minutes.  Satisfactory  results  are  obtained 
when  the  bottles  are  treated  with  sprays  of  boiling  water,  jets  of  steam, 
or  chemical  solutions.  After  treatment,  bottles  should  be  inverted  so 
that  there  is  no  chance  for  contamination  from  dust  or  drip  from  other 
cases. 


Examine  bottle-washing  machinery  for  defects  in  operation.  Spray 
holes  for  water  or  steam  should  not  be  clogged.  Pumps  should  be  in 
proper  working  order.  Machines  depending  upon  jets  of  hot  water 
should  be  tested  with  a  thermometer  to  make  sure  that  the  water  is 
at  or  near  the  boiling  point.  Bacteriological  tests  on  bottles  should 
be  made  in  a  similar  manner  to  those  for  cans. 


Handling  Milk.— Thermometers  should  be  used  to  determine  the 
actual  temperatures  at  which  milk  is  received  at  the  city  plant;  and 
credits  should  be  given  as  indicated  on  the  score  card.  Milk  should  be 
hanffied  rapidly  and  without  undue  exposure  to  the  air.  Deductions 
should  be  made  for  the  following  faults:  cans  of  milk  allowed  to  stand 
outside  of  refrigerator;  uncooled  milk  remaining  in  vats  for  long  periods 
of  time;  vats,  cans,  coolers,  bottles,  etc.,  uncovered  so  that  they  or  the 
milk  they  contain  may  be  contaminated. 
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Cooling  should  be  prompt  and  efficient.  Raw  milk  entering  the 
plant  must  be  either  pasteurized  or  cooled  at  once,  and  pasteurized  milk 
should  be  quickly  chilled  after  pasteurization.  Thermometers  should 
again  be  used  to  take  the  temperature  of  milk  as  it  comes  from  the  cooler. 
The  temperature  of  storage  rooms  or  vats  should  be  recorded. 

Credit  is  given  if  the  bottles  are  capped  by  machines,  thus  doing 
away  with  the  danger  of  contamination  by  human  hands.  If  the  bottle 
mouth  is  protected  by  an  outside  covering,  an  additional  credit  of  1  point 


is  given. 


Bottled  milk  should  be  well  iced  on  the  delivery  wagon,  in  warm 
weather.  The  cases  of  milk  should  be  protected  from  street  dust  and 
flies  by  a  clean  blanket  or  tarpaulin. 

Bottle  caps  should  be  purchased  in  tubes.  Such  caps  are  usually 
sterile  or  nearly  so.  Deductions  should  be  made  where  caps  are  in 
open  containers,  subject  to  contamination  and  handling. 

Inspection. — Credit  is  given  when  city  plants  carry  on  their  own 
bacteriological  work  and  farm  inspection.  No  credit  is  given  if  they 
depend  upon  health  officials  for  this  work.  Each  distributor  himself, 
or  through  his  agents,  should  be  in  intimate  contact  with  his  producers. 
He  is  responsible  for  their  milk  when  it  comes  into  his  possession;  and 
he  should  be  sure  that  it  is  of  the  desired  quality. 

Miscellaneous—  Deduct  for  attendants  with  dirty  hands  or  clothing, 
and  also  for  the  use  of  tobacco  in  the  milk-handling  rooms.  Extra  credit 
is  allowed  for  clean  suits  worn  by  milk-handlers. 

Inspect  the  delivery  outfit,  and  score  it,  especially  for  freedom  from 
dirt,  old  milk,  etc.  Compartments  where  milk  is  kept  should  be  closely 

observed. 


CONTROL  OF  PASTEURIZATION 


Milk  inspectors  should  keep  in  very  close  touch  with  pasteurizing 
plants,  both  in  the  country  and  in  the  city.  The  mere  presence  of  proper 
equipment  does  not  insure  safety;  frequent  bacteriological  tests  on 
nfistonrizinir  efficiency  and  on  subsequent  recontamination  should  lie 


minutes. 


In  bacteriological  tests,  the  average 
used  as  a  basis  for  determining  bacterial  i 
Suppose  the  raw  milk  contains  2,000,00( 
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and  the  milk  at  the  end  of  the  holding  period  contains  20,000  bacteria 
per  cubic  centimeter.  The  reduction  is  then  1,980,000  per  cubic  centi¬ 
meter,  or  99  per  cent  of  the  original  2,000,000.  In  this  case,  the  pas¬ 
teurizing  efficiency  was  99  per  cent,  a  very  good  record.  If  the  same  milk 
has  a  count  of  35,000  bacteria  per  cubic  centimeter  after  having  been 
cooled  and  bottled,  there  is  a  recontamination  of  15,000,  or  a  75  per  cent 
increase  over  the  count  from  the  holder.  The  finished  product,  then, 
has  1,965,000  bacteria  per  cubic  centimeter  less  than  the  original  raw 
milk;  therefore  the  efficiency  of  the  entire  process  is  only  98.25  per  cent. 
By  taking  samples  at  different  intervals  during  pasteurization,  faulty 
processes  can  be  discovered  and  rectified. 

The  following  series  of  samples  should  be  taken  and  examinations 
made  as  indicated  : 

1.  Raw  milk  at  entrance  to  heater,  for  bacteria  and  temperature. 

2.  Heated  milk  after  holding,  for  bacteria,  temperature  and 

holding  tune. 

3.  Milk  as  it  comes  from  the  cooler,  for  bacteria  and  temperature. 

4.  Milk  in  bottles  and  cans  for  bacteria  and  temperature. 

5.  Milk  in  bottles  and  cans  after  storage,  for  bacteria  and  tem¬ 

perature. 

6.  Empty  bottles  and  cans  for  efficiency  of  treatment. 


CONTROL  OF  COMMUNICABLE  DISEASES  IN  MILK  PLANTS 


Pasteurization,  properly  performed,  will  kill  all  disease-producing 
organisms.  Great  care  should  be  exercised  against  recontamination  in 
the  plant  with  such  bacteria.  All  employees  who  come  in  contact  with 
milk  or  milk  machinery  and  containers  should  undergo  careful  medical 
inspection.  There  should  be  no  carriers  of  typhoid,  tuberculosis,  diph¬ 
theria,  septic  sore  throat  or  other  infectious  diseases.  The  danger  of 
such  carriers  has  already  been  stressed. 


Milk  plants  should  be  extremely  careful  about  the  delivery  of  milk 
to  quarantined  houses.  Milk  may  be  poured  into  the  consumer’s 
receptacle  at  the  door.  Pasteboard  or  fiber  containers  which  can  be 
burned  by  the  consumer,  may  be  used.  If  glass  bottles  are  delivered 

they  should  be  removed  only  after  complete  sterilization  under  the 
supervision  of  the  health  department. 
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INSPECTION  OF  STORES  SELLING  MILK 


Three  facto rs  should  be  considered  in  the  inspection  of  retail  stores: 

1.  Whether  or  not  the  same  quality  of  milk  is  being  delivered  to 
stores  as  is  being  retailed  by  distributors  to  consumers  direct. 

2.  Facilities  for  keeping  milk  at  the  stores. 

3.  Whether  or  not  the  milk  is  being  held  from  one  day  to  the  next. 
Careful  study  should  be  made  of  the  grade  of  milk  sold  at  the  stores. 

Samples  should  be  taken  and  compared  with  samples  obtained  from  the 
same  distributor  or  producer  as  delivered  on  the  retail  routes.  In  no 
instance  should  dairies  be  allowed  to  deliver  milk  of  undesirable  quality 


to  stores. 

There  should  always  be  adequate  facilities  present  at  the  store  for 
the  proper  storage  and  handling  of  milk.  Without  such  facilities,  no 
permit  should  be  issued  to  the  store.  A  refrigerator  or  ice-box  is 
necessary.  The  storage  of  fish,  meats,  vegetables,  etc.,  in  the  same  com¬ 
partment  with  the  milk  should  be  discouraged.  When  the  milk  is 
delivered  at  the  store  before  anyone  is  present  to  receive  it,  provision 
should  be  made  to  place  the  milk  in  a  place  protected  from  sunlight, 
cats,  dogs  and  other  animals.  The  milk  should  always  be  placed  in  the 
refrigerator  as  soon  as  possible.  Often  the  storekeepers  are  remiss  in 
this  respect,  and  leave  the  crated  milk  behind  or  on  the  counter  to  have 
it  handv  Such  a  practice  is  extremely  undesirable.  The  same  tern- 
Mature  requirements  as  are  prescribed  for  the  -tail  delivery  of  milk 
should  hold  for  the  handling  of  milk  at  the  stores  AU  milk  should  be 
kept  at  or  below  50°  F.  The  sale  of  “  dipped  milk,  if  allowed,  should 
be  strictly  regulated  to  avoid  danger  of  milk-borne  epidemics 

Milk,  as  sold  by  stores,  should  be  fresh.  Milk  delivered  one day 
at  the  store  should  not  be  sold  the  following  day.  Measures  should  be 
inaugurated  which  will  result  in  the  collection  of  all  milk  left  over  at  the 
end  of  the  day.  Dealers  should  use  such  milk  for  manufacturing  pu  - 
poses.  It  should  not  be  allowed  to  remain  in  the  store  over  twenty-  ou 

^Stores  may  serve  as  very  useful  mediums  for  milk  distribution  if 
properly  controlled.  From  them,  consumers  should  be  able  to  secure, 

at  any  time  of  the  y,  >  (<  „  nk  dippcd  or  drawn 

Stores  in  some  cities  still  sell  bulk  m  '  a  system 

from  a  can  or  other  receptacle.  (2)  «  ’  u  has>  how_ 

consumer’s  receptacle  may  not  be  clean,  o 
contaminated  or  improperly  refrigerated  in 
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TAKING  SAMPLES  IN  THE  CITY 

Frequent  sampling  of  milk  in  the  city  is  necessary,  in  order  that  the 
laboratory  can  determine  whether  or  not  chemical  and  bacterial  standards 
are  being  complied  with.  The  best  method  is  to  take  samples  in  the 
original  package,  such  as  a  pint  or  quart  bottle.  In  this  way  there  is  no 
chance  for  contamination. 

Sampling  Device. — Samples  taken  from  cans,  vats,  dippers,  etc., 
present  a  more  intricate  problem.  The  inspector  must  be  careful 
not  to  insert  any  sampling  device  into  the  milk  which  might  contaminate 
either  the  sample  or  the  rest  of  the  milk.  This  is  especially  important 
in  taking  samples  for  bacteriological  examination. 
Many  sampling  devices  are  in  use;  but  that  used  by 
the  Health  Department  of  Baltimore,  Mel.,  is  probably 
best  adapted  to  the  purpose  of  taking  samples  for  bac¬ 
terial  count.  A  sketch  of  the  device  is  shown  in  Fig. 
31.  It  consists  of  a  2-  to  4-ounce  (the  size  may  be 
varied)  tincture  mouth  square  glass  bottle  with  a 
ground-glass  stopper.  A  thin  copper  wire,  24  to  30 
inches  long,  is  attached  by  one  end  to  the  stopper,  the 
other  end  being  secured  around  the  neck  of  the  bottle. 
The  wire  is  then  coiled  loosely  around  the  bottle,  the 
whole  being  covered  with  a  good  grade  of  paper  and 


Fig.  31  —Sample  stenllzed  in  hot  air>  in  accordance  with  laboratory 

bottle  used  in  practlce  for  bacteriological  equipment.  Two  pieces 

the  collection  of  °t  PaP<?i  are  used,  one  placed  around  the  bottom  of 

bulk  milk  for  the  bottle,  the  other  overlapping  and  covering  the 

bacteriological  stopper  and  sides.  Before  a  sample  is  taken,  the  con- 
exammation.  tents  of  the  can  must  be  thoroughly  ^  paddleg 

Th  i  n  i  °ut  i*  ?CheS  Wlde  bcing  used  for  this  purpose. 

andTotnLT,  1Ch  ^  “**  °f  “»  «  *  paper 

Sampling.— A  stirring  paddle  is  withdrawn  from  its  sheath  of  paper 
care  being  taken  not  to  touch  that  part  which  enters  the  milk  The 

£  SSSSt  SSJSSi  £  7— 

and  sterilized.  k  f  wlthout  being  washed 

Samples  should  be  taken  at  many  different  points,  not  only  to 
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determine  the  condition  of  the  milk,  but  to  find  the  cause  and  respon¬ 
sible  agency  for  undesirable  conditions.  Opportunities  for  sampling 
exist  at  railroad  stations,  milk  plants,  stores  and  lunch  rooms,  and  on 
delivery  wagons.  As  soon  as  samples  are  taken,  they  should  be  thor¬ 
oughly  iced  and  delivered  to  the  laboratory  within  a  short  time.  A 
complete  record  should  be  kept  of  the  owners’  names  and  addresses, 
time  and  place  where  samples  were  collected,  time  delivered  to  the  labo¬ 
ratory,  and  any  other  general  information  of  historical  interest. 


DENATURING  MILK 


It  is  the  custom  of  officials  in  many  cities  to  condemn  milk  because 
of  the  failure  of  the  milk  dealers  to  comply  with  certain  temperature 
standards.  Usually,  this  milk  is  disposed  of  by  emptying  it  into  the 
gutter,  though  some  attempts  have  been  made  to  denature  the  milk  by 
adding  certain  substances  which  would  render  it  unfit  for  use  in  its  fluid 
state.  It  is  unfortunate  that  this  milk,  which  is  valuable  for  feeding 
farm  animals,  should  be  needlessly  wasted.  This  loss  can  be  prevented 
if  the  milk  is  returned  to  farms  where  it  can  be  utilized  for  feeding  live 
stock.  Condemned  milk  should  also  be  used  in  the  city  for  making 
casein  and  for  other  purposes. 

The  Bureau  of  Dairy  Industry,  United  States  Department  of  Agri¬ 
culture,  conducted  some  experiments  in  order  to  devise  some  practical 
method  of  denaturing  milk,  so  as  to  prevent  its  sale  as  market  milk 
and  yet  leave  it  in  a  condition  suitable  for  feeding  farm  animals.  The 
work  proved  that  the  use  of  a  rennet  solution  is  effective  for  this  pur¬ 
pose  at  the  usual  temperature  at  which  milk  is  condemned. 

In  these  experiments,  a  3  per  cent  water  solution,  made  from 
powdered  rennet  of  a  strength  of  1  to  30,000,  was  used;  and  40  c.c. 
of  this  solution  were  added  to  5-gallon  cans  of  milk  at  different  tem¬ 
peratures.  The  tests  were  made  in  a  room  where  the  temperature 
was  80°  F.,  as  that  is  about  the  temperature  of  the  air  in  summer  when 
most  of  the  milk  is  condemned.  In  one  test  the  rennet  solut.on  was 
added  to  a  5-gallon  can  of  milk  at  a  temperature  of  50  1  In  one 
hour  and  fifteen  minutes,  the  milk  was  slightly  thickened,  its  tempera¬ 
ture  then  being  57°.  Thirty  minutes  later,  the  temperature  had 
reached  59°  and  a  soft  curd  formed.  An  equal  amount  of  milk  at  an 
initial  temperature  of  65°  was  treated  at  the  same  time  In  one  hour 

i  minutes  the  milk  in  this  can  was  firmly  coagulated,  and  it  is 
probable  That  the  rennet  had  produced  the  desired  effect  in  much  less 
time.  At  the  end  of  this  period,  the  temperature  had  been  raised  only 

1.2°,  or  to  66.2°  F. 
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In  the  iight  of  these  experiments,  it  is  believed  that  if  a  rennet  solu¬ 
tion  of  this  strength  is  added  to  condemned  market  milk,  satisfactory 
results  can  be  secured  under  ordinary  conditions  without  the  disad¬ 
vantages  of  the  other  methods  which  have  been  tiled. 

If  a  3  per  cent  solution  is  made  from  rennet,  strength  of  1  to  30,000 
about  2\  ounces  (80  c.c.)  of  this  solution  will  be  required  for  10-gallon 
can  of  milk  at  a  temperature  of  53°  or  higher. 


VARIOUS  TESTS  MADE  OF  MILK 


It  is  beyond  the  province  of  this  book  to  describe  in  detail  the  tests 
made  for  determining  the  desirability  of  milk.  Such  tests  are  taught  in 
other  courses  and  are  fully  described  in  other  textbooks.  The  student 
of  market  milk  should  have  in  mind  the  usual  tests;  and  for  this  purpose 
brief  descriptions  will  be  given. 

Bacteria. — Chapter  V  refers  to  bacterial  tests  commonly  used.  For 
total  counts  of  living  organisms,  the  plate  method  is  used.  In  this 
method  a  nutrient  medium  is  inoculated  with  known  quantities  of  milk, 
and  poured  into  sterile  glass  dishes,  which  are  allowed  to  incubate  for  a 
certain  length  of  time.  The  resulting  “  colonies  ”  are  counted,  and  the 
number  of  bacteria  per  cubic  centimeter  of  milk  estimated.  Details  of 
the  plate  method  are  given  in  “  Standard  Methods  for  the  Bacteriological 
Examination  of  Milk,”  which  may  be  purchased  from  the  American 
Public  Health  Association,  370  Seventh  Avenue,  New  York. 

Direct  Microscopic  Examination.— In  this  method,  a  small  known 
quantity  of  milk  is  distributed  evenly  on  a  glass  slide.  (3)  The  area  of 
the  microscopic  field  having  been  measured,  the  slide  is  stained  and 
examined  under  the  microscope.  A  number  of  fields  are  counted,  and 

from  these  data  estimates  are  made  of  the  number  of  bacteria  in  the  total 
amount  of  milk  used. 


The  test  has  the  advantage  of  being  quick  and  cheap.  Furthermore, 
it  is  applicable  on  field  surveys  where  the  plate  method  is  impossible! 
The  error  in  estimate  is  probably  quite  large,  and  the  method  does  not 
give  a  clear  differentiation  between  living  and  dead  organisms.  For  this 
reason  it  is  practically  useless  in  dealing  with  pasteurized  milk,  except  in 

comparison  with  the  plate  count,  for  estimating  the  quality  of  the  milk 
before  pasteurization. 

Considerable  experience,  especially  in  staining,  is  necessary  in  order 
to  secure  good  results.  The  test  is  considered  to  be  particularly  appli¬ 
cable  to  raw  milk  having  relatively  large  numbers  of  bacteria.  It  should 
used  for^general  groupings  rather  than  for  estimates  of  actual  counts 
Fat.  The  Babcock  test  is  usually  run  to  determine  fat,  (4)  and  has 
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held  in  court  cases.  Sometimes  the  more  complicated  chemical  tests  for 
fat  are  used;  but  for  all  practical  purposes  the  Babcock  test  is  sufficient. 

Solids. — Total  solids  or  solids-not-fat  may  be  estimated  from  the 
percentage  of  fat  and  the  specific  gravity.  (See  Appendix  for  tables.) 
For  more  accurate  work,  a  weighed  sample  of  milk  is  evaporated  to 
dryness  and  re- weighed. 

Specific  Gravity. — The  specific  gravity  of  milk  is  usually  determined 
by  the  use  of  a  lactometer.  This  is  a  cylindrical  instrument  (Fig.  32) 
which  is  so  weighted  that  it  floats  upright  in  milk. 

A  graduated  scale  gives  a  reading  on  the  Quevenne 
lactometer  which  may  be  easily  read  directly  as 
specific  gravity.  For  more  delicate  work,  a  West- 
phal  balance  is  used. 

Tests  for  Skimming  and  Watering.— Laws  gov¬ 
erning  the  chemical  composition  of  milk  usually 
specify  two  things:  first,  milk  must  contain  a  certain 
definite  percentage  of  fat,  solids-not-fat  and  total 
solids;  and  second,  milk  must  have  nothing  added 
to  or  subtracted  from  it.  The  first  specifications 
can  easily  be  determined  by  direct  tests  for  fat  and 
solids.  The  second  specifications  are  more  difficult 
to  determine.  They  relate  specifically  to  milk  which 
has  been  adulterated  by  skimming  or  watering,  or 
both.  Milk  may  be  adulterated  and  still  be  above 
the  legal  standard  for  fat  and  solids.  For  instance, 
if  the  legal  standard  is  3.5  per  cent  fat,  a  4  per  cent 
milk  can  be  partially  skimmed  so  that  it  contains 
just  the  legal  requirements.  Such  a  milk  would 
be  legally  above  standard,  but  it  would  be  classed  as  adulterated. 

It  has  been  shown  in  the  chapter  on  the  chemistry  of  nn  k  tha 
auite  a  definite  relation  exists  between  the  percentage  of  fat  and  other 
Zms  Individual  samples  may  vary  from  the  —  shown  m  Tabl 
9;  but  whenever  the  variation  -  le  *e  £*%£*** 

looked  unon  as  suspicious,  bat  with  comparative^  & 
indicates  skimming;  while  fat  with  comparatively  low  solids-no  - 

indicates  watering.  .  .  enmnlps  are  found,  it 

In  all  cases  of  farm  milk  where  suspicious  samples  are do  ^  ^ 

is  well  to  go  to  the  dairy  and  secure  a  mixed  sample  of  h 

'’the*  detection  of  added  water,  several  methods  are  availafe 
The  refractometer  and  the  cryoscope  are  the  instruments  most 

quently  used. 


I 


‘Fig.  32. — Board  of 
Health  and  Que¬ 
venne  lactometers. 
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Refractometer. — The  refractometer  is  used  to  read  the  refractive 
index  of  milk  serum.  The  instrument  in  common  use  is  the  “  Zeiss 
immersion  refractometer,”  and  several  varieties  of  serum,  such  as  the 
“  acetic,”  “  sour,”  and  “  copper  ”  scrum,  may  be  used. 

Ackerman  states  that  the  refractometer  reading  in  normal  milk  is 
from  38.5  to  40.5,  with  an  average  of  39.0.  He  gives  the  following  table 
showing  the  relation  between  added  water  and  the  refractometer  reading : 

TABLE  23 

Relation  op  Refractometer  Reading  to  Added  Water 


Per  Cent 
Added  Water. 

Refractometer 

Reading. 

5 

37.7 

10 

36.7 

15 

35.7 

20 

34.8 

25 

34.0 

30 

33.3 

35 

32.6 

40 

32.0 

45 

31.4 

50 

30.9 

Added  water  is  indicated,  with  the  “  acetic  serum,”  by  refractometer 
readings  below  39;  with  the  “  sour  serum,”  by  readings  below  38.3;  and 
with  the  copper  serum,”  by  readings  below  36. 

For  a  description  of  refractive  index,  see  the  Chapter  on  Chemistry 
as  Applied  to  Market  Milk.  y 

Ciyoscope.-For  a  number  of  years,  investigators  have  pointed  out 
that  the  freezing  point  of  milk  is  practically  constant  at  -0.55°  C 
umerous  instruments  have  been  made  to  determine  the  freezing  point 
of  milk,  and  thus  estimate  the  amount  of  added  water. 

-The  most  recent  and  best  known  i<s  tViA  u 

'point  t  fnnkra'  f  WithVtChiS 

s  ‘he  f^:dg  waf 

approaches  the  freezing  point  of  water  ITc.),  the  St£ellt£ 
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added  water.  For  instance,  a  freezing  point  of  —0.459°  C.,  in  milk, 
indicates  approximately  16.5  per  cent  of  added  water. 

Nitrate  Test. — A  number  of  chemical  tests  for  the  detection  of  nitrates 
in  milk  have  been  devised.  These  tests  are  based  on  the  assumption 
that  water  supplies  contain  small  quantities  of  nitrates,  and  that  the 
presence  of  nitrates  in  milk  proves  that  water  has  been  added.  Barthel 
shows  (6)  that  such  assumptions  are  not  fully  warranted,  for  two  rea¬ 
sons:  first,  many  water  supplies  contain  no  nitrates;  and  second,  the 
washing  of  milk  utensils  in  water  containing  a  large  percentage  of  nitrates 
would  cause  the  milk  to  react  to  the  test.  He  adds  the  caution  that  the 
nitrate  test  should  be  used  only  as  an  indication  and  not  as  positive 
proof. 

Temperature. — When  samples  are  collected,  temperatures  should  be 
taken  to  see  how  the  milk  is  being  refrigerated.  A  standard  thermom¬ 
eter  should  be  used.  It  should  be  carefully  cleaned  before  it  is  inserted 
in  milk  and  should  not  be  used  in  samples  intended  for  bacteriological 


examination. 

Acidity.— High  acidity  in  market  milk  is  undesirable.  It  indicates 
that  the  milk  is  being  soured  by  the  action  of  the  lactic  acid  bacteria 
on  milk  sugar.  Milk  usually  tastes  sour  when  about  .3  per  cent  of 
acid  is  formed.  When  the  acidity  exceeds  .2  per  cent,  the  milk  is  usually 
unfit  for  pasteurization  or  commercial  use,  because  it  will  rapidly  sour 


and  disintegrate. 

Shaw  states  that:  (4) 

“  Acidity  in  milk  is  attributable  to  two  causes,  1,  the  presence  in 
milk  of  acid  phosphates  and  perhaps  of  carbon  dioxide,  and  2,  lactic 
and  other  acids  produced  by  the  decomposition i  of  the  milk ■ 
bacterial  action.  When  freshly  drawn  milk  is  acid  to  phenolphthalem, 
this  acidity  is  from  0.07  per  cent  to  0.08  per  cent  and  is  owing  to  causes 
eiven  under  1.  Lactic  acid  is  not  present  in  freshly  drawn  milk,  it 
develops  only  on  standing.  Milk  is  not  sour  to  the  taste  until  it  has  a 

total  totoTaddity  of  milk  is  asuahy  calcrdated  as 

lactic  acid  The  principle  upon  which  the  determina  ion  c  * 

will  gradually  disapp  <  ,  i _ soajUm  chloride,  or  common  salt, 

tive  to  ^determine  when  The"  exact  point  of  neutrality  has  been  reached. 
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Phenolphthalein  is  an  organic  compound,  having  the  property,  when  in 
solution,  of  turning  pink  with  alkalies  and  remaining  colorless  with  acids. 
Such  a  substance  is  called  an  indicator  because  it  indicates  by  a  coloi 
change  when  a  certain  chemical  reaction  has  taken  place.” 

Preservatives. — Tests  are  usually  run  on  suspected  samples  for  for¬ 
maldehyde,  borax,  boracic  acid  and  hydrogen  peroxide. 

Coloring  Matter. — Milk  dealers  have  been  known  to  increase  the 
color  of  milk  by  adding  yellow  coloring  matter.  When  such  practices 
are  suspected,  tests  should  be  made  for  annatto  and  coal-tar  colors. 

Sediment. — Because  the  amount  of  visible  dirt  or  sediment,  as  shown 
by  the  sediment  test,  is  no  criterion  of  the  bacterial  count  of  milk,  it 
should  not  be  assumed  that  such  test  should  be  neglected  or  its  use  cur¬ 
tailed.  The  sediment  test  is  an  important  one  and  should  be  carried 
out  by  all  health  officials. 


Fig.  33. — Two  types  of  sediment  testers. 


The  presence  of  sediment  in  milk  is  evidence  that  such  milk  has  not 
been  handled  properly.  It  shows  that  at  some  point  in  its  production 
someone  has  neglected,  or  carelessly  carried  out,  some  important  step 
which  is  essential  for  the  production  of  clean  and  safe  milk.  The  sedi¬ 
ment  in  itself  may  not  be  dangerous;  but,  on  the  other  hand,  it  may  be 
a  real  source  of  infection;  and  it  is  a  warning  to  all  health  officials  that 
this  particular  supply  must  be  carefully  investigated.  It  has  been 
shown  that  tubercle  bacilli  may  be  present  in  the  manure  from  tuber¬ 
cular  cattle,  and  as  such  material  often  constitutes  the  sediment  to  a 
large  extent,  milk  containing  this  sediment  may  be  dangerous 

The  proper  use  of  the  sediment  test  may  be  of  great  assistance  in 
improving  the  milk  supply.  This  is  one  test  which  brings  before  the 
producer,  m  a  concrete  and  convincing  manner,  the  cleanliness  of  his 
pro*  uc  •  is  a  test  which  may  be  made  to  demonstrate  the  carelessness 
of  methods  used.  By  being  shown  the  actual  dirt  present,  the  dealer  is 
nore  easily  convinced  that  his  methods  are  at  fault. 

The  sediment  tester  is  very  simple  in  construction  and  operation 
Vanous  makes  are  on  the  market;  some  are  made  for  laboratory  Uto 
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only,  and  by  their  use  a  large  number  of  samples  may  be  tested  in  a  short 
period  of  time;  others  are  made  for  field  use,  and  can  be  best  used  at 
receiving  platforms  and  on  the  farms.  The  disks  should  be  given  a 
rating  and  records  kept.  The  rating  is  arrived  at  by  comparing  the 
disk  with  a  standard  series  of  prepared  disks  which  have  been  given 
numerical  values. 

Fermentation. — The  fermentation  test  is  sometimes  used  to  roughly 
determine  the  character  of  bacteria  in  milk.  It  is  more  often  used  in 
milk  for  cheese-making  than  for  market  milk.  The  test  consists  in 
pouring  40  c.c.  of  milk  (Jensen)  (7)  into  strong  test-tubes  having  a 
uniform  diameter  of  2  centimeters.  The  tubes  are  then  covered  with  a 
cap  of  zinc  or  aluminum,  and  placed  in  a  water  bath  which  is  main¬ 
tained  at  38°  C.  (about  100°  F.).  Good,  fresh  milk  is  supposed  to 
remain  liquid  for  twelve  hours,  while  inferior  milk  curdles.  The  curd 
varies  in  appearance  in  accordance  with  the  predominant  types  of  bac¬ 
teria.  Examination  of  the  tubes  is  made  at  the  end  of  twelve  hours,  and 
again  at  twenty  to  twenty-four  hours: 

The  following  classifications  are  made:  (7) 


State. 


Appearance. 


Type  of  Bacteria. 


Fluid . 

Gelatinous  curd.  .  . 


Normal 


Even  curdling.  Few  bubbles. . .  . 
Gassy.  Casein  driven  to  surface. 
Gassy.  Finer  texture  than  above. 
Clear  separation  of  whey . 


Few  of  any. 
Lactic  acid. 


Blown  curd. 
Spongy  curd 
Cheesy  curd 


Lactic  and  gas  producers. 
Gas  producers.  Few  lactic. 
Peptonizers. 


Alcohol  Test— This  test  usually  consists  of  mixing  equal  volumes  of 
.  1  Tf  o  rvmcniliim  is  nroduced  in  market  milk, 


thZlclTu" Bacteria  in  mixed  market  milk. 


Methylene- 


tion,  or  reductase,  test  is  not  a  new  one 
tigational  work  has  been  done  in  an  eh 
with  the  number  of  bacteria  in  milk, 
widely  divergent,  on  account  of  a  num 
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bacteria  in  the  milk.  At  present,  most  laboratory  workers  are  averse 
to  any  attempts  to  use  the  methylene-blue  reduction  time  for  closely 
approximating  the  actual  number  of  bacteria  in  milk..  Nevertheless, 
it  has  been  generally  accepted  that  milk  may  be  roughly  graded  accord¬ 
ing  to  reduction  time.  Judged  by  this  criterion,  individual  samples 
or  groups  of  samples  may  at  times  give  a  misleading  picture  of  the 
bacteriological  condition  of  the  milk.  But  the  test  is  useful  under 
certain  conditions,  and  field  man  and  dairy  inspector  would  do  well 
to  consider  the  advisability  of  using  it  more  freely.  The  chief  uses  of 
the  reductase  test  are  as  follows: 

1.  To  make  a  rough  grouping  of  milk  samples,  to  be  followed  by 
bacteriological  examinations  and  farm  inspection  when  the  reductase 
test  indicates  that  the  milk  is  of  poor  quality. 

2.  In  remote  places  where  laboratory  facilities  are  not  available  or  it  is 
impracticable  to  transport  samples  satisfactorily  to  the  laboratory. 

3.  For  educational  work  among  dairy  farmers  and  their  families,  to 
demonstrate  quickly  and  strikingly  the  differences  in  milk  quality  and 
the  effect  of  certain  methods  of  production. 

4.  As  a  possible  indication  of  mammitis  or  other  udder  derangements 
when  freshly  drawn  samples  “  reduce,”  or  lose  their  blue  color,  in  abnor¬ 
mally  short  times.  This  may  be  an  indication  of  streptococci  or  a 
high  leucocyte  count  and  calls  for  close  physical  examination  of  the 
udder  and  bacteriological  examination  of  the  milk. 

The  methylene-blue  reduction  test  is  fully  described  in  the  “  Stand¬ 
ard  Methods  for  the  Bacteriological  and  Chemical  Examination  of 
Milk,”  published  by  The  American  Public  Health  Association,  370 
Seventh  Avenue,  New  York,  N.  Y.  It  consists  of  adding  a  blue  dye 
to  a  measured  quantity  of  milk  and  incubating  at  about  body  heat, 
usually  in  a  water  bath.  Milk  containing  large  numbers  of  bacteria 
usually  “  reduces  ”  in  a  short  time  (anywhere  from  a  few  minutes  to 
h  hour),  while  milks  of  better  quality  remain  blue  for  longer  periods 
of  time. 

The  American  Public  Health  Association  has  tentatively  graded 
milk  according  to  its  reduction  time  into  the  following  groups: 

Class  1.  Good  milk,  not  decolorized  in  5^  hours. 

Class  2.  Fair  average-quality  milk,  reduction  time  2  to  5^  hours 

C  ass  3.  Bad  milk,  reduction  time  20  minutes  to  2  hours 

Class  4.  Very  bad  milk,  reduces  in  20  minutes  or  less. 

Various  bacterial  count  approximations  have  been  assigned  to  these 
four  classes,  but  most  investigators  prefer  to  think  of  reduction  time 
as  separate  from  any  specific  bacteriological  correlation. 
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The  equipment  used  for  this  test  is  inexpensive  and  easily  carried 
around.  Outfits  adapted  to  field  work,  including  water  bath  for  incu¬ 
bating,  test-tubes,  pipettes,  and  tablets  from  which  the  methylene-blue 
test  solution  can  be  readily  made,  may  be  purchased  for  about  $15. 

Let  us  again  point  out  that  the  methylene-blue  reduction  test  is  an 
indicator  only  and  not  always  a  reliable  yardstick  to  measure  the 
number  or  kinds  of  bacteria  present  in  milk.  Its  results  to  be  scien¬ 
tifically  accurate,  must  be  further  checked  and  interpreted  by  additional 
research.  But  it  has  a  usefulness  not  yet  fully  developed  in  educational 
work  and  for  field  work  where  a  quick  and  rather  rough  method  is  needed 
for  dividing  milk  samples  into  general  groupings. 

Other  Tests. — Other  reagents  have  been  tried  with  special  reference 
to  changes  in  the  hydrogen-ion  concentration.  Bromthymol  blue  and 
bromcresol  purple  (10)  have  been  used.  Results  so  far  are  inconclusive 
as  regards  the  estimation  of  total  bacterial  counts,'  although  some  corre¬ 
lation  was  found  with  the  number  and  growth  of  lactic  organisms. 
Since  these  tests  measure  only  acidity,  they  are  not  so  useful  as  the 
methylene-blue  test  for  determining  total  counts. 

Flavor  and  Odor.— Milk  should  be  free  from  undesirable  flavors  and 
odors.  Evidences  of  putrefaction  and  souring  are  especially  objection¬ 
able.  Feed  flavors  and  odors,  such  as  those  of  garlic  and  silage,  are 
not  evidences  of  danger  to  health,  but  they  are  a  distinct  disadvantage 
from  a  commercial  standpoint.  There  are  no  tests  for  flavors  and  odors 
except  those  “  organolyptic  ”  ones  of  taste  and  smell.  If  the  milk  is 
warmed,  flavors  and  odors  can  be  more  readily  detected.  A  complete 
discussion  of  judging  milk  for  flavor  and  odor  will  be  found  in  Chapter  X. 


GRADING  MILK 

Several  cities  have  adopted  the  plan  of  grading  market  milk  into 

several  classes  according  to  quality. 

Milk  grading,  properly  conducted,  is  a  step  in  advance  in  dairy  sani¬ 
tation  Where  an  efficient  grading  system  is  in  operation,  consumers 
may  select  the  class  of  milk  which  they  desire  ^d  for  which  fey^am 
willing  to  pay.  The  health  department  is  also  aided  in  its  efforts  to 
Worm  consumers  where  milk  of  the  highest  quality  may  be  secured. 
In  addition,  those  dairymen  who,  by  additional  care  and  expense,  pro¬ 
duce  a  high-grade  product  are  rewarded  by  greater  financial  retur  • 
Along  wifh  its  advantages,  milk  grading  puts  great 
tho  health  department.  For  this  reason,  the  matter  should  be  care 
fully  studied  by  administrative  officials  before  such  a  system  is  adopted 
No  gmffing  system  should  be  considered  which  includes  any  milk  not 
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perfectly  safe  for  human  consumption;  the  lowest  grade  should  be  safe 
milk. 

In  planning  a  grading  system,  it  is  desirable  to  have  only  a  very  few, 
clearly  defined  grades.  A  multiplicity  of  grades  increases  the  work  of 
administrative  officials  and  causes  confusion  in  the  minds  of  consumers. 
Ordinarily  three  grades  will  suffice — Grade  A  Raw,  Grade  A  Pasteur¬ 
ized,  and  Grade  B  Pasteurized.  Certified  milk  may  be  included  in 
Grade  A  Raw,  or  it  may  be  sold  under  its  own  title.  The  distinction 
should  be  so  clearly  made  that  there  will  be  no  doubt  that  Grade  A  milk 
is  better  than  Grade  B  milk. 

Unfortunately,  some  cities  have  passed  grading  ordinances  without 
having  sufficient  funds  or  personnel  for  proper  enforcement.  This  has 
resulted  in  confusion.  So-called  Grade  A  milk  has  been  sampled  and 
found  to  be  of  lower  quality  than  Grade  B  milk.  Where  such  a  condi¬ 
tion  prevails,  it  would  probably  be  better  to  have  no  grading  system  at 
all.  Especial  care  must  be  taken  where  a  milk  plant  handles  two  dif¬ 
ferent  grades  of  milk.  Strict  precautions  must  be  observed  to  make 


sure  that  the  two  grades  do  not  become  mixed  or  that  one  grade  is  not 
substituted  for  a  higher  grade.  In  such  plants  it  is  better  to  require 
that  the  highest  grade  be  handled  first  in  order  that  it  may  pass  through 
the  equipment  before  the  lower  grade. 

In  spite  of  the  difficulties  attending  the  operation  of  milk  grading, 
such  a  system  is  desirable ;  but  the  system  must  be  workable  and  capably 
enforced.  If  poor  milk  is  allowed  to  masquerade  under  the  title  of 
Grade  A,  the  public  will  be  imposed  upon,  and  its  confidence  in  the 
system  shaken.  The  milk  producer,  dealer  and  consumer  will  suffer 
and  the  reputation  of  the  health  department  will  not  be  enviable. 

There  is  a  great  variation  in  the  requirements  for  different  grades  as 
well  as  in  the  number  of  grades  allowed. 

Usually  the  higher  grades  include  relatively  small  amounts  of  milk. 
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CHAPTER  X 


SCORING  OF  MILK  AND  CREAM 

In  the  chapter  on  inspection  in  the  city,  reference  was  made  to  the 
use  of  milk  and  cream  contests,  to  improve  cities’  milk  supplies.  In 
addition,  there  are  state-wide  and  even  national  contests  to  educate 
dairymen  to  produce  milk  of  a  higher  grade. 

Student  teams  from  agricultural  colleges  and  schools  compete 
against  each  other  in  scoring  milk  and  cream.  The  training  received  in 
this  way  and  in  class  work  is  of  great  value  to  the  student,  teaching  him 
to  recognize  and  measure  desirable  and  undesirable  qualities  in  market 
milk.  Such  a  knowledge  is  valuable  whether  he  is  to  become  a  milk 
producer,  a  dealer  or  an  inspector. 


SCORE  CARDS 

Score  cards  for  milk  and  cream  have  been  devised.  These  cards 
assume  certain  mathematical  ratings  for  standards  of  quality.  On 
pages  140  and 1  141  will  be  found  facsimiles  of  the  milk  and  cream  card. 

The  card  shown  is  the  one  in  use  by  many  of  the  agricultural  col- 
teges  and  is  the  type  used  in  “  Students’  Judging  Contests  for  Dairy 


HANDLING  THE  SAMPLES 

tureS735Uh4O0U»dFb!hP'MeK  ”  a.refrigerator  at  and  a  tempera- 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
Bureau  of  Dairy  Industry 

SCORE  CARD  FOR  MILK  AND  CREAM 
(Approved  by  The  American  Dairy  Science  Association) 


Place . 

Class .  Exhibit  No 


Perfect  Score 
Score  Allowed 


Remarks 


Bacteria . 

Flavor  and  odor 


Sediment 


45 

Bacteria  found  per 

cubic  centimeter 

25 

Cowy,  bitter,  feed, 

10 

flat,  strong,  cooked 

Temperature  (street 

samples) . 

or 

Acidity  (prepared 
samples) . 


15 


Bottle  and  cap 


Degrees . 
or 

Per  cent 
Bot  tie . . 

Cap .... 


Total 


100 


Exhibitor . 


Address . 

(Signed) . 


Judges. 


Date 
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DIRECTIONS  FOR  SCORING 


Bacteria  per  Cubic  Centimeter — Perfect  Score,  45 


Points 

500  and  under. .  45.0 

501-  1,000 .  44.9 

1,001-  1,500 .  44.8 

1.501-  2,000 .  44.7 

2,001-  2,500 .  44.6 

2.501-  3,000 .  44.5 

3,001-  3,500 .  44.4 

3.501-  4,000 .  44.3 

4,001-  4,500 .  44.2 

4.501-  5,000 .  44.1 

5,001-  6,000 .  43.9 

6,001-  7,000 .  43.7 

7,001-  8,000 .  43.5 

8,001-  9,000 .  43.3 

9,001-10,000 .  43.1 


Points 

10,001-11,000 .  42.8 

11,001-12,000 .  42.5 

12,001-13,000 .  42.2 

13,001-14,000 .  41.9 

14,001-15,000 .  41.6 

15,001-16,000 .  41.2 

16,001-17,000 .  40.8 

17,001-18,000 .  40.4 

18,001-19,000 .  40.0 

19,001-20,000 .  39.6 

20,001-21,000 .  39.1 

21,001-22,000 .  38.6 

22,001-23,000 .  38.1 

23,001-24,000 .  37.6 

24,001-25,000 .  37.1 


Points 

25,001-30,000 .  36.1 

30,001-35,000 .  35.1 

35,001-40,000 .  34.1 

40,001-45,000 .  33.1 

45,001-50,000 .  32.1 

50,001-55,000 .  30.1 

55,001-60,000 .  28.1 

60,001-65,000 .  26.1 

65,001-70,000 .  23.1 

70,001-75,000 .  20.1 

75,001-80,000 .  17.1 

80,001-85,000 .  13.1 

85,001-90,000 .  9.1 

90,001-95,000  _  5.1 

95,001-100,000....  1.1 

Over  100,000 .  0 


Flavor  and  Odor — Perfect  Score,  25 

Deduct  for  disagreeable  or  foreign  odor  or  flavor  according  to  conditions  found 
When  possible  to  recognize  the  cause,  describe  it  under  “Remarks.” 


Sediment — Perfect  Score,  10 

Examination  for  sediment  may  be  made  by  means  of  a  sediment  tester,  and  the 
resulting  cotton  disks  compared  with  standards;  or  the  sediment  may  be  determined  by 
°f  the  .botJom  °f  the  milk  or  cream  in  the  bottle.  In  the  latter  case  allow 
°k  c.r.e,am  stand  undisturbed  for  at  least  an  hour  before  the  examination 
?fn  Si1  v,etlb0tt  ?  c^refuUy  in  its  natural  upright  position  until  higher  than  the  head 
Tip  slightly  and  observe  the  bottom  of  the  milk  or  cream  with  the  naked  eye  or  with 
the  aid  of  a  reading  glass.  The  presence  of  the  slightest  movable  speck  makls  a 

sediment  foimdm When5  6  W  deductions^ccording to ^  thTquaMRy  o? 

sediment  found.  \\  hen  possible  describe  the  nature  of  the  sediment  under  “  Remarks.” 


°E-  Points 

40  and  below .  15.0 


Temperature  (Street  Samples) — Perfect  Score,  15 


41. 

42. 

43. 

44. 

45. 

46. 


14.8 

14.6 
14.4 
14.2 
14.0 

13.6 


°F. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 


Points 
.  13.2 
.  12.8 
.  12.4 
.  12.0 
.  11.0 
.  10.0 
.  9.0 


°F. 

54  . 

55  . 

56  . 

57  . 

58  . 

59  . ;;; 

60  and  over .  0 


Points 
.  8.0 
.  7.0 

.  6.0 
.  5.0 

.  3.0 

1.0 


OR 


Points 
0.18  per  cent  and  less.  15 
0.19  per  cent .  14 


Acidity  (Prepared  Samples)— Perfect  Score,  15 


n  o  Points 

0.2  per  cent .  \2 

0.21  per  cent . 9 


n  00  Points 

0.22  per  cent .  5 

0.23  per  cent . ’  \ 

Over  0.23  per  cent _  0 

Bottle  and  Cap— Perfect  Score,  5 

cover  the  lips  of'Te  boE?  ordonot  fit  which  do  not 

or  soliTnoUat,  SSlbedeSreC  CfcompetiUon'0^1  tm  bacter“.  fa‘. 
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The  third  bottle  should  be  scored  for  appearance,  then  opened  and  judged 
for  flavor  and  odor.  The  fourth  bottle  is  held  in  reserve  for  use  in  case 
of  mishaps  during  any  of  the  tests. 


STUDENTS’  JUDGING  CONTESTS 

The  following  points  are  considered  in  students’  judging  contests. 


Market  Milk 


Item. 

Perfect  Score.  1 

Flavor  and  odor . 

25 

Sediment . 

10 

Bottle  and  cap . 

5 

Total . 

40 

Samples  are  selected  before  the  contest.  Usually  ten  lots  of  market 
milk  are  selected.  Each  lot  should  be  uniform  and  should  contain 
enough  bottles  to  supply  the  judges  and  each  group  of  students  with  a 

fresh,  unopened  bottle. 

Before  the  contest,  the  judges  score  a  bottle  of  milk  from  each  lot, 
recording  the  numercial  score  and  criticisms.  These  ratings  are  later 
used  as  a  standard  to  mark  the  contestants’  scorings.  To  acquaint  the 
contestants  with  the  judges’  standards,  two  additional  samples  of  mi 
are  scored.  These  are  displayed  with  the  judges’  criticisms,  and  the 
students  have  an  opportunity  to  examine  them  before  the  contest  starts. 


METHOD  OF  SCORING  MILK 

The  following  items  are  scored  in  milk  contests,  but  are  not  considered 

Bactril-Stonnd8ard0 mrthods  of  bacteriologicai  analyst  of  miik  are 

used  Dilutions  of  tU  and  TnW  are  usually  made.  Plates  "e  “ 
bated  for  forty-eight  hours  at  37°  C.  Ratings  are  given  in  accordan 

with  instructions  on  the  back  of  the  score  card. 

Acidity —Acidity  is  determined  by  titrations  again 

* s: 

tyi?SS  S'S.'TiT*  -■».  *>  —  "  -m  ” 

titrated  against  tenth-normal  alkali. 

POINTS  SCORED  IN  STUDENTS’  JUDGING  CONTESTS 

*  o  •  tVip  milk  should  be  cold  during  the  examina- 
tJtr  :fd^“ d  cap,  but  should  he  warmed  before 
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examination  for  flavor  and  odor.  Students  should  be  instructed  to 
score  sediment  first,  bottle  and  cap  next,  and  flavor  and  odor  last. 


TABLE  24 


Determination  of  Acidity  in  Milk 


(When  50  c.c.  of  milk  are  used) 


Cubic 

Centimeters 
NaOH  n/10. 

Per  Cent 
Acidity  as 
Lactic  Acid. 

Cubic 

Centimeters 
NaOH  n/10. 

Per  Cent 
Acidity  as 
Lactic  Acid. 

4.0 

0.072 

11.0 

0.198 

4.5 

.081 

11.5 

.207 

5.0 

.090 

12.0 

.216 

5.5 

.099 

12.5 

.225 

6.0 

.108 

13.0 

.234 

6.5 

.117 

13.5 

.243 

•  7.0 

.126 

14.0 

.252 

7.5 

.135 

14.5 

.261 

8.0 

.144 

15.0 

.270 

8.5 

.153 

15.5 

.279 

9.0 

.162 

16.0 

.288 

9.5 

.171 

16.5 

.297 

10.0 

.180 

17.0 

.306 

10.5 

.189 

17.5 

.315 

Sediment.  Sediment  disks  are  prepared  for  the  students  to  score 
Fig.  34  presents  a  senes  of  standard  sediment  disks  showing  the  scores 
ior  varying  amounts  of  sediment  in  one  pint  of  milk 

A  perfect  score  for  sediment  is  impossible  if  as  much  as  one  single 
speck  of  sediment  is  present.  ° 


Suggested  Scores  on  Sediment  in 


10  .  No  perceptible  trace. 

9  9 .  1  to  2  tiny  particles. 

9  -8 .  2  to  4  tiny  particles. 


1  Pint 


9  ^ .  4  to  6  tiny  particles. 

9 ' 8 .  6  to  8  tiny  particles. 

9  5 .  8  to  10  tiny  particles. 


- -  pai  UUICS. 

«nsetr:^  POint  may  made  fOT  —  between  the  sample 

andX  dZ  'ZrjTJs,  'r  r* of  •sediment- -  *«*» 

should  describe  the  character  of  thJsedhLnTVheT601  °Ut\,  ,Students 

bottle  is  in  good  condition,' 5filird°^lf  without “  giVCn  When  the 
some  device  which  adequatelv  nmt,w  *  leakage’  and  dosed  with 

-  ssr- ir.sir,- :: 
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Fig.  34. — Standard  disks  for  scoring  sediment. 
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times  more,  depending  upon  the  extent  of  the  defect.  If  paraffin  is 
spilled  on  the  body  of  the  bottle,  cuts  of  iV  or  x%  may  be  made. 

Caps  which  are  leaky  because  of  imperfect  fitting,  or  defects  in  cap 
or  cap  seat,  are  usually  cut  from  j  to  x  point. 

Bottles  which  are  not  filled  to  within  half  an  inch  of  the  cap  are  cut 
for  not  being  full.  An  entire  point  is  usually  deducted  if  the  shortage 
amounts  to  2  inches.  Lesser  cuts  are  made  for  smaller  deficiencies. 


Fig.  35.  \  arious  devices  for  protecting  the  milk  bottle  mouth  from  contamination. 


If  wire  or  metal  fasteners  come  in  contact  with  the  milk,  no  cut  is  made 
unless  such  metal  parts  are  rusted,  in  which  case  -jV  point  is  deducted. 

Failure  to  protect  the  cap  and  pouring  lip  of  the  bottle  warrants  a 
cut  of  1  point.  Thus,  if  only  the  ordinary  fiber  disk  or  cap  is  used,  the 
score  for  bottle  and  cap  cannot  be  more  than  4  out  of  a  possible  5. 

Various  methods  may  be  used  to  cover  the  lip  of  the  bottle.  Metal 
crowns  or  tightly  fitting,  heavy  fiber,  outer  coverings  are  allowed  a  per¬ 
fect  score.  Paraffin  or  heavy,  waterproof  paper  or  cloth,  neatly  and 
securely  fastened  over  the  bottle  mouth,  are  considered  perfect.  If 
paraffin  is  not  applied  so  as  to  completely  cover  the  cap  and  bottle  lip 
deductions  of  from  A  to  i  (usually  ±)  point  should  be  made. 

Sometimes  a  double  cap  is  used.  This  consists  of  an  ordinary  cap 

Cle  nT  ^  d  ‘°  and  Pr°jeCting  0ver  the  IjP  bottle 
While  such  caps  give  some  added  protection,  they  are  not  water-tight 

side  Covering  “®  y  *  P°iDt’  UnleSS  pr0teCted  *  out- 

In  scoring  bottle  and  cap,  the  student  should  bear  three  thines  in 
mmd:  the  entire  appearance  should  be  neat  and  attractive-  no  milk 

of  the  iottle  :  n°  dUSt  °r  Water  ShOUld  t0Uch  the  -P  or  ihe  mouth 

Bottle  not  full  SC°OESTED  CcTS  ™  and  Cap 

Dirty  bottle .  .  0  25  to  1.00 

Cap  poorly  seated  or  leaky  (if  uncovered) . .  !°  * 

Pouring  lip  unprotected  . .  to  50 

Pouring  lip  partially  protected .  1  00 

Cap  covering  loosely  fastened . . . 25  to 

Cap  covering  non-waterproof  . 25  to 


.25  to 


.75 

.50 

.75 
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Flavor  and  Odor. — Before  milk  is  scored  for  flavor  and  odor,  the 
bottles  should  be  placed  in  warm  water  until  the  milk  attains  a  temper¬ 
ature  of  95  to  100°  F.  Faint  odors  are  more  easily  detected  at  this 
temperature  than  when  the  milk  is  cold. 

Scoring  should  be  done  in  a  room  free  from  odors.  Thoroughly  mix 
the  contents  of  the  bottle  by  shaking  and  tipping.  Remove  the  outer 
cover  and  cap,  and  pour  part  of  the  contents  into  a  clean  cup,  glass  or 
beaker.  Apply  the  nose  at  once  to  the  open  bottle  mouth,  to  get  any 
odor  which  may  be  present;  then  mix  the  milk  by  pouring  back  and  forth 
a  number  of  times.  Flavors  are  observed  by  tasting  milk  from  the 
beaker  or  glass,  a  small  sample  being  sufficient.  The  milk  remaining 
in  the  glass  should  not  be  poured  back  into  the  bottle.  It  is  well  to  sip 
the  milk  slowly,  allowing  it  to  remain  in  contact  with  the  tongue  for 
some  time.  During  the  process,  the  mouth  should  not  be  kept  tightly 
closed,  as  this  tends  to  decrease  the  sensibility  of  taste. 

Glasses  or  beakers  should  be  thoroughly  washed  after  being  emptied 
of  each  sample.  The  student  may  clear  his  mouth  with  water  or  by 
chewing  a  piece  of  apple. 

No  definite  ratings  can  be  given  that  will  cover  all  varieties  and 
intensities  of  flavor  and  odor,  as  constant  practice  and  observation  are 
necessary  to  master  all  these  details.  The  same  variety  of  flavor  may 
receive  different  scores  because  of  variation  in  intensity. 

The  most  common  off  flavors  and  odors  found  in  milk  and  cream 
are  those  produced  by  certain  feeds,  by  the  absorption  of  fou  odors 
from  the  stable,  by  the  presence  of  foreign  substances  in  the  milk.and 
by  bacterial  action.  If  the  flavor  is  very  bad,  it  can  usually  be  definite  v 
classified  Points  are  deducted  for  flavors  resulting  from  strong  feeds, 
and  for  cowy,  strong,  bitter,  sour,  or  other  off  flavors. 


General  Guide  for  Scoring  Flavor  and  Odor 


Flavor. 

Milk  and 
Cream. 

Description. 

Excellent . . 
Good . 

Fair . 

Poor . 

JJjkI  . 

23  and  above.  . 
21  to  23 . 

18  to  21 . 

12  to  18 . 

12  to  0  . 

Lacking6  sp«M  high  flavor,  flat,  very  alight  feed, 

Cookedffeed,  salty,  slightly  cowy,  slightly  metaWc. 
Strong  feed,  weedy,  bitter,  strong,  musty  cowy, 
metallic,  slightly  rancid  (cappy  or  cardboard). 

Rancid,  strong  cowy,  high  acid.  render 

Sour,  putrid  or  any  flavor  sufficiently  stro  g 
the  milk  unfit  for  market  milk  purposes. 

0  . 
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Cream  is  scored  in  the  same  way  as  milk. 

Each  student  is  rated  on  his  ability  to  detect  abnormalities  and  to 
describe  them  correctly.  His  score  on  each  item  should  agree  with  the 
official  score.  Furthermore,  he  should  be  able  to  describe  the  defects 
found. 

Contest  ratings  are  based  both  on  actual  numerical  scores  and  on 
criticisms.  Scores  and  criticisms  are  graded  separately;  but  the  grades 
are  combined  to  form  the  total  grade  of  each  contestant. 

The  following  method  of  rating  is  being  used: 


Score. — Flavor  and  Odor. — The  contestant’s  score  on  flavor  will  be 
given  a  grade  expressed  by  the  difference  between  his  score  and  the 
official  score. 

Sediment. — Scored  as  for  flavor. 

Bottle  and  Cap. — Scored  as  for  flavor. 

Placing. — The  score  for  placing  shall  be  determined  by  the  sum  of 
the  differences  in  the  position  of  the  contestant’s  samples  and  the  official 
placing. 

Total  scores  only  will  be  taken  for  consideration.  Example. — If 
the  contestant  places  the  highest  scoring  example  fourth,  he  would  lose 
3  points;  the  second  highest  seventh,  he  would  lost  5  points,  and  so 
on  for  all  ten  samples.  The  sum  of  the  differences  shall  be  the  score 
on  placing. 

Criticism.— When  the  score  of  flavor  and  odor,  or  of  bottle  and  cap, 
is  cut,  a  criticism  shall  be  checked.  In  grading  criticisms  the  maximum 
cut  for  each  item  shall  be  1  point. 

Determining  the  Grade— A  contestant’s  grade  shall  be  found  by 
adding  the  differences  on  scoring,  placing  and  criticism.  The  con¬ 
testant  having  the  lowest  score  shall  be  first.  A  team’s  grade  is  the  sum 
o  the  grades  of  its  members.  The  teams  are  placed  according  to  their 
grades,  the  team  having  the  lowest  score  wins  first  place 

When  two  or  more  contestants  tie,  or  teams  have  the  same  grade,  the 
awarding  of  the  medals  shall  be  decided  by  determining  which  has  the 

canheSTfSnnrn  ™  flaV°r  fnd  odor’  *hen  on  sediment,  then  on  bottle  and 
ap.  If  no  prize  is  involved,  the  placing  shall  be  given  as  a  tie. 
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CHAPTER  XI 


THE  COST  OF  MILK  PRODUCTION 
IMPORTANCE  OF  STUDY 

A  thorough  knowledge  of  the  cost  of  milk  production  is  essential 
to  all  connected  with  the  dairy  industry.  Until  within  the  last  few 
years,  there  were  few  data  on  the  subject,  and  even  now  there  is  an 
opportunity  for  greatly  increasing  our  present  knowledge  to  cover  wide 
variations  in  climate,  feeding  practices,  herd  management,  etc.  A  com¬ 
plete  understanding  of  costs  is  necessary  in  order  that  the  dairyman 
may  know  his  financial  status,  and  the  purchaser  of  dairy  products  may 
be  informed  as  to  the  fairness  of  prices. 

If  cost  studies  are  made  on  groups  of  farms,  operating  under  simi¬ 
lar  conditions,  the  dairyman  has  a  measuring  rod  for  his  own  efficiency. 
Such  a  study  will  enable  him  to  see  whether  or  not  he  is  producing  milk  as 
economically  as  his  neighbor,  and  will  show  the  particular  point  or  points 
where  he  can  reduce  expenses. 


TYPE  OF  STUDY 

In  general,  cost  studies  may  be  divided  into  two  systems:  that  which 
considers  the  whole  farm  as  the  unit,  and  that  in  which  the  dairy  proper  is 

separated  from  the  rest  of  the  farm.  , 

The  former  system  is  obviously  applicable  only  to  those  farms  wher 

dairy  products  arc  the  sole  output.  Even  in  such  cases,  results  may  be 
very  misleading.  For  instance,  a  farmer  might  be  growing  his  feed  at 
profit  sufficient  to  wipe  out  any  loss  made  by  turning  tins  feed  into  mlk 
through  the  cows.  The  entire  business  would  then  show  a  profit, 
whereas,  if  the  dairy  alone  had  been  considered,  a  loss  would  have  bee 

'^Practically  all  cost  accounting  at  this  time  utilizes  the  ^  sJ-stem 
in  which  only  the  land  devoted  to  the  dairy  is  considered.  Th* 
pastures,  yards  and  grounds  occupied  by  dairy  build mgs ,  The  farm 
buildings  are  prorated  according  to  the  space  actua  y  d  by 
herd  and  dairy  operation.  Dairy  equipment  only  is  included, 
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sideration  being  given  to  other  farm  implements.  The  cows  are  charged 
with  all  feeds  (including  homegrown)  at  market  prices  on  the  farm,  and 
they  are  credited  with  milk,  calves  and  manure  at  market  values. 


METHODS  OF  OBTAINING  DATA 

Using  the  dairy  as  a  unit,  there  are  two  distinct  methods  of  obtaining 
the  necessary  data;  these  may  be  called  the  “  survey  ”  method,  and 
the  “  direct  observation  ”  method.  In  the  survey  method,  the  investi¬ 
gator  calls  upon  dairymen  and  secures  from  them  an  estimate  of  the 
dairy  expenses  and  receipts  over  a  given  period  of  time,  which  may  be  a 
week,  a  month  or  a  year.  The  farmer  estimates  the  quantity  and  value 
of  feed  used,  time  spent  in  dairy  operation,  amount  spent  for  upkeep, 
repairs,  supplies,  etc.,  and  other  items  entering  into  the  calculations. 

In  the  direct  observation  method,  actual  records  are  kept  for  periods 
of  a  year  or  more.  These  records  may  be  kept  by  the  dairyman  himself, 
or  by  an  investigator  employed  for  that  particular  purpose.  The  sur¬ 
vey  method  allows  each  investigator  to  obtain  reports  from  more  farms, 
in  a  given  length  of  time,  than  does  the  direct  observation  method. 
Its  proponents  believe  that  inaccuracies  in  estimation  equalize  each  other 
when  many  reports  are  combined;  that  is,  if  some  farmers  overestimate, 
others  will  underestimate,  so  that  the  average  of  all  estimates  will  pre¬ 
sent  a  true  picture.  While  this  is  generally  true,  it  may  not  hold  good 
as  regards  milk  production  costs.  Take,  for  example,  the  question  of 
labor.  The  farmer  knows  that  feeding,  milking,  care  of  the  milk,  etc., 
take  a  certain  amount  of  time  from  start  to  finish.  But,  during  this 
time,  actual  dairy  labor  is  often  stopped  for  a  few  minutes  while  the 
farmer  attends  to  other  things.  This  might  lead  to  an  overestimation  of 
labor  requirements  for  milk  production. 

The  direct  observation  method  is  quite  accurate,  but  an  investi¬ 
gator  can  cover  only  about  twenty  to  twenty-five  farms  if  monthly 
visits  are  made,  and  records  properly  kept. 

THE  DIRECT  OBSERVATION  METHOD 

The  United  States  Department  of  Agriculture  Bure*iu  nf  no- 
ndustry,  and  many  of  the  Agricultural  Colleges  hive  used  the  direo'f 
The  foM  l0n  meth°d  °f  obtalmnS  the  requirements  for  milk  production 

States  D^partrnent ^AgricuUm,ehe  Some°of  *  «<e  United 

from  publications  issued  by  that  Department.  "*  direCt 

than  monetary  'terms^should 'be  utd  ^tls  ^tibK  “  Th“^ 
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then  be  applied  at  other  times  and  in  similar  sections,  by  using  current 
local  prices  for  feed,  labor,  etc. 


SELECTION  OF  FARMS 

In  selecting  a  group  of  farms  for  study,  several  points  should  be  taken 
into  consideration.  It  is  very  desirable  that  all  herd-owners  should  be 
members  of  a  cow-testing  association.  In  this  way  an  accurate  check  is 
kept  on  feed  and  milk  records. 

The  farms  should  be  typical  of  the  section  and  should  be  so  close 
together  that  the  investigator  loses  little  time  in  going  from  one  to 
another. 

A  selection  should  be  made  of  dairymen  who  are  interested  in  the 
work,  and  who  will  continue  throughout  the  proposed  period. 


OBTAINING  THE  ACTUAL  DATA 


The  field  agents  record  in  detail  all  available  information  relative 
to  the  dairy  business,  including  the  amounts  and  classes  of  labor, 
feed,  bedding,  pasture  cost,  amount  of  milk  sold  and  used  on  the  farm, 
and  current  expenses  for  the  month.  Accurate  data  on  calves  and  first¬ 
hand  information  on  methods  of  handling  manure  are  systematically 


collected. 

If  records  on  every  dairy  are  obtained  regularly  every  month,  the 
influence  of  unusual  circumstances  at  the  time  of  any  particular  "visit 
is  lessened;  and  if  records  of  all  the  herds  for  each  month  are  used,  com¬ 
plete  data  for  each  month,  season  and  year  are  obtained.  Data  are 
usually  obtained  for  two  entire  years,  in  order  to  compare  one  year  with 
the  other  in  the  same  section  and  to  increase  the  amount  of  data  for 

study.  , ,  ,  ,  . 

At  the  beginning  and  end  of  each  year,  the  field  agent  takes  an 

inventory  of  the  dairy  buildings,  livestock,  and  equipment  used  in  the 
care  of  the  herd  and  its  products.  On  his  regular  monthly  inspection 
tour,  he  arrives  at  the  first  farm  of  a  group  in  time  to  observe  the  first 
labor  operations  connected  with  the  evening  chores.  With  watch  in 
hand  he  notes  and  records  the  minute  each  labor  operation  connect* 
with  the  dairy  is  begun  and  ended.  The  labor  operations  during  the 

next  day  are  recorded  in  the  same  manner. 

The  field  agent  also  verifies  the  records  of  feed  that  are  being  con¬ 
sumed  on  the  inspection  day,  recording  the  kind,  quantity,  cost  ‘ and 
description  of  each,  comparing  them  with  the  Quantites  reonrded  by 
the  cow  tester  in  the  cow-testing-association  books.  The  qua 
mUk  soW  and  the  receipts  for  each  month  are  obtained,  and  the  whole 
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milk  used  by  the  proprieter  and  his  help,  or  fed  to  calves  which  were 
being  raised,  is  measured  or  weighed  and  used  as  a  basis  for  determining 
the  amount  kept  on  the  farm  during  the  month. 

Each  dairyman  keeps  an  itemized  account  of  expenses  which  were 
incurred  between  the  monthly  visits,  and  these  items  are  recorded  by  the 
field  agent.  A  monthly  record  is  also  kept  of  the  purchase  or  sale  of 
cows,  calves,  and  hides.  Outside  bull  service  and  other  miscellaneous 
information  relating  to  the  herd  are  recorded.  The  field  agent  also 
notes  the  condition  and  methods  of  handling  manure  and  reports  it  each 
month. 

When  all  the  labor  operations  about  the  dairy  have  been  completed 
for  the  day  at  the  first  farm,  the  field  agent  drives  to  the  next  farm  in 
time  to  observe  the  labor  operation  connected  with  the  evening 
chores. 


SEPARATING  SEASONS 

intei  and  summer  conditions  have  a  marked  influence  on  the  prin¬ 
cipal  factors  entering  into  the  cost  of  milk  production,  and  milk  prices 
are  often  set  for  seasonal  periods.  For  these  reasons  it  is  desirable  to 
compute  the  requirements  for  milk  production  separately  for  summer 
and  winter.  In  general,  the  winter  season  is  usually  considered  to 
extend  from  November  to  April,  inclusive,  while  the'  summer  season 
includes  the  months  May  to  October.  Climate  and  feeding  practice 
influence  this  arbitrary  division.  6  1 


ITEMS  CONSIDERED 


The  following  debits  and  credits  should  be 
the  cost  of  milk  production: 

Debits: 


considered  in  studying 


Feed 


Labor 


f  Concentrates  /  Purchased,  pounds 

l  Home  grown,  pounds 
Non-commercial  roughages,  pounds 

Commercial  roughage  {  Le&ume>  pounds 

i  Carbohydrate,  pounds 

i>l“"  S“CCUlent  r0U^'  P«und8 

Bedding,  pounds 

Hauling  and  grinding  concentrates,  dollars 


f  Owner  ^ 

Human  Hired  help 

^  Women  and  children  . 
Horse,  hours 
-  Managerial  ability 


•  • . .  hours 
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Other 

Charges 


Credits: 


Building  charges  1  Interest,  depreciation,  taxes 
Equipment  charges  /  Insurance  and  repairs 
Supplies 

Motor  truck  or  other  hauling  charges 


’  Herd  charges 


Miscellaneous 


'  Interest 
Depreciation 
Taxes 
Insurance 

Cost  of  keeping  bull 
Medicine 
Disinfectant 
Veterinary  fees 
Cow-testing  dues,  etc. 


Milk  sold,  used  or  fed  to  livestock,  pounds 
Calves,  number 
Manure,  pounds 


EXPLANATION  OF  ITEMS 

The  items  considered  in  the  cost  of  milk  production  are  defined  as 
follows  in  U.  S.  Department  of  Agriculture  Bulletin  923.  (1)  They  are 
slightly  modified  for  use  here. 

Feed. — The  quantities  of  the  different  kinds  of  feed  are  obtained 
from  actual  weights  made  by  the  cow  tester  during  one  full  day  of  each 
month.  The  quantities  are  also  checked  frequently  by  the  field  agent. 

“  Concentrates  ”  is  a  term  applied  to  grains  and  to  manufactured 
by-products  suitable  for  feeding.  The  concentrates  are  low  in  fiber  and 
contain  a  large  amount  of  nutritive  material  in  a  relatively  small  bulk. 

-  Home-grown  grains  ”  consist  of  concentrates  commonly  grown  on 

the  farm  or  in  the  locality  where  fed. 

-  Non-commercial  dry  roughage  ”  applies  to  corn  stover,  corn  fodder 

and  other  dry,  coarse  feeds  for  which  price  quotations  are  not  given  in 
the  trade  papers.  The  term  is  also  applied  to  hay  that  is  so  toul  wi 
weeds  or  so  damaged  in  curing  as  not  to  be  readily  salable. 

«  Leguminous  roughage  ”  includes  alfalfa,  clover,  cowpea  soy  bean, 
and  otSUe  hays  when  pure,  or  when  so  slightly  mixed  with  grasses 

^^^"^rSC”Vdes  all  commercial 

the  v  ,;1the 

land  the  general  cost  of  maintaining  the  fences,  and  such  other  tom 


EXPLANATION  OF  ITEMS 


153 


merits  from  the  total  value  of  the  farm.  The  cost  of  pasture  is  dis¬ 
tributed  over  the  six  summer  months  on  a  percentage  basis.  The  per¬ 
centage  allowed  for  each  month  on  each  farm  is  estimated  as  nearly  as 
possible  in  proportion  to  the  condition  of  the  pasture  and  the  quantity 
of  feed  the  herd  receives  from  the  grass  each  month. 

Labor. — The  hours  of  labor  are  obtained  by  actually  timing  the 
various  labor  operations  performed  about  the  dairy,  during  one  entire 
day  each  month;  this  tune  is  multiplied  by  the  number  of  working  days 
in  that  month,  plus  the  hours  of  work  done  on  Sundays. 

Other  Costs. — The  “  other  costs  ”  charged  against  the  production  of 
milk  do  not  include  the  interest,  taxes,  and  similar  items  against  the 
entire  farming  enterprise,  but  cover  only  the  dairy’s  share  of  the  buildings 
and  equipment. 

Buildings. — Interest  is  figured  at  the  customary  rate  of  5  per  cent  on 
improved  real  estate,  on  the  inventory  value  taken  at  the  beginning  of  the 
year.  The  annual  depreciation  charge  is  obtained  by  dividing  the  first 
inventory  by  the  number  of  years  it  is  estimated  the  buildings  would 
remain  in  a  usable  condition.  The  annual  cost  of  painting  and  repairs 
is  computed.  Slate  roofs,  because  of  their  long  life  and  durability,  make 
the  depreciation  lower  on  many  of  the  buildings.  Taxes  and  insurance 
premiums  are  obtained  by  examination  of  the  individual  tax  records  and 
insurance  premium  receipts.  Annual  repairs  are  included  in  the  general 
charge  against  the  buildings.  The  expense  for  buildings  charged  against 
the  dairy  is  in  proportion  to  the  space  used  for  it. 


Equipment.— An  inventory  is  taken  at  the  beginning  and  end  of  each 
year,  6  per  cent  interest  being  charged  on  the  first  inventory  value 
The  difference  between  the  first  inventory,  plus  equipment  purchased 
and  the  inventory  taken  at  the  end  of  the  year,  plus  equipment  sold, 
constitutes  the  depreciation.  A  record  of  all  repairs  on  equipment  is 
kept  by  the  dairyman  and  given  to  the  field  agent  each  month.  Miscel¬ 
laneous  supplies,  such  as  strainer  cloths,  washing  powder,  brushes,  gaso¬ 
line,  and  oil  for  running  machines,  are  charged  at  cost. 

Held*iTEaCh,  C0W  and  buU  is  *nven*oriod  at  the  beginning  of  each 
year  at  the  market  value,  and  to  this  inventory  is  added  the  value  of 
animals  entering  the  herd  during  the  year.  Interest  is  figured  It  6  per 

.  ,®ach  grade  cow  purchased  or  sold  is  recorded  at  the  price  paid 

As  the  requirements  for  producing  milk  are  the  same  witfi  «  P 
bred  cow  as  with  a  grade  cow  of  equal  productive  capacity  it  be  PUr6" 
apparent  that  the  greater  value  of  the  former  is  due  to  this  I  7T 
Offspring  and  not  to  the  value  of  her  milk  Since  tl  ^  of  her 

study  is  to  deal  with  the  requirements  for  proclucing  milk  “rT?6  ^ 

breds  must  be  considered  as  a  separate  business.  In  ort  TZiTZ 
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influence  of  the  pure-bred  business  upon  the  requirements  for  producing 
milk,  pure-bred  cows  are  given  the  same  value  as  grade  cows  of  the 
same  productive  capacity  and  pure-bred  calves  given  corresponding 
grade  values. 

Death  losses  are  taken  care  of  in  the  difference  in  inventories.  At  the 
end  of  the  year,  the  inventory  value  of  each  animal  in  the  herd  takes  into 
consideration  any  increase  or  decrease  in  value  over  the  first  inventory. 
To  the  second  inventory  is  added  the  value  of  cows  or  hides  sold  during 
the  year.  The  difference  between  these  amounts  constitutes  the  depre¬ 
ciation  or  appreciation. 

The  taxes  are  obtained  directly  from  the  township  records,  and  where 
insurance  is  carried,  the  amount  of  the  premiums  is  obtained  from  the 
receipts. 

Such  miscellaneous  items  as  veterinary  services,  medicines,  disin¬ 
fectants,  and  cow-testing-association  dues  are  the  sum  total  of  money 
actually  paid  out,  as  shown  by  the  monthly  records  of  the  individual 

herds. 

The  feed,  labor,  and  other  costs  for  keeping  the  herd  sires  are  placed 
under  herd  charges. 

Credit  for  Calves  and  Manure. — Calves. — Most  of  the  heifer  calves 
are  raised  or  sold  to  neighbors  for  raising,  while  the  grade  bull  calves 
are  usually  vealed.  The  whole  milk  sucked  from  the  cows  is  credited 
to  the  herd,  by  crediting  the  selling  price  of  the  calves  and  not  the  birth 


value.  , 

Since  the  pure-bred  cows  are  given  the  same  value  as  grade  cows  ot 

like  producing  ability,  the  pure-bred  bull  calves  are  credited  to  the  herds 
at  what  they  would  be  worth,  when  four  days  old,  to  fatten  for  veal  and 
the  pure-bred  heifer  calves  at  the  value  of  grade  heifer  calves. 

Manure.— The  credit  for  manure  is  figured  after  the  following  factors 
have  been  taken  into  consideration:  fertilizing  constituents  in  the  feeds; 
quantities  of  nitrogen,  phosphoric  acid,  and  potash  not  utilized  in  t  ic 
bodies  of  the  cows  but  voided  in  the  manure;  the  percentage  of  the  total 
manure  dropped  in  the  barn;  the  percentage  of  manure  saved  in 
storing  and  handling;  the  nitrogen,  phosphoric  acid  and  potash  con- 
taineif  in  the  bedding;  and  the  value  of  these  fertilizing  constituents 
saved  in  the  manure  and  bedding,  all  being  figured  at  wholesale  prices  for 

COnTh?0average  wedit  allowed  for  manure  and  bedding,  each  year 

includes  the  manure  from  the  bulls,  and  represents  what  wa^or  co 

p„,;iv  h„ve  been  saved  under  local  conditions.  Since  the  total  col  t 
JeSii  bulls  ^  charged  against  the  cows,  the  bull  manure  is  included 

as  a  direct  credit  to  the  herd. 


ILLUSTRATIVE  COST  TABLES 
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The  fertilizing  constituents  in  1  ton  of  average  manure  and  bedding 
from  the  cows,  during  the  winter  in  one  section,  were  estimated  to  be 
as  follows: 

Pounds 
per  Ton. 


Nitrogen .  10.8 

Commercial  phosphoric  acid .  3.5 

Potash .  11.9 


Without  bedding,  1  ton  of  average  winter  manure  was  estimated  to 
contain : 

Pounds 
per  Ton. 


Nitrogen .  10.7 

Commercial  phosphoric  acid .  3.5 

Potash .  114 


On  the  average  dairy  farm,  the  commercial  value  of  manure  depends 
upon  the  use  to  which  it  is  put.  The  return  in  dollars  depends  upon  the 
increase  in  the  crops  raised  and  the  amount  received  from  the  sale  of 
these  crops.  These  facts  may  reduce  or  increase  the  value  of  manure 

below  or  above  the  market  price  of  the  fertilizing  constituents  contained 
in  it. 


ILLUSTRATIVE  COST  TABLES 

The  requirements  for  producing  milk  in  seven  states  were  studied  by 
the  United  States  Department  of  Agriculture.  Some  of  the  results 

obtained  in  Vermont  (1)  are  here  given  to  illustrate  the  manner  in  which 
such  studies  may  be  summarized. 


REQUIREMENTS  FOR  PRODUCING  100  POUNDS  OF  MILK 


Table  25  shows  the  unit  requirements  for  producing  100  pounds  of 
mdk  by  seasons  in  Vermont.  Such  a  summary  is  useful  because  of  the 
that  the  price  of  milk  is  frequently  based  on  100-pound  quantities. 


REQUIREMENTS  for  keeping  a  cow  one  year 
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TABLE  25 

Unit  Requirements,  Except  Charge  for  Management,  for  Producing  100 
Pounds  of  Milk  in  Winter  and  in  Summer *  * 


Winter. 

Average 

Summer. 

Average 
of  Two 
Summers. 

1916- 

17 

1917- 

18 

of  Two 
Winters. 

1917 

1918  j 

29.0 

30.2 

29.6 

7.2 

9.2 

8.1 

3.2 

3.8 

3.5 

.5 

.6 

.6 

32.2 

34.0 

33.1 

7.7 

9.8 

8.7 

1.1 

1.2 

1.2 

3.4 

.5 

2.1 

108.7 

121.4 

114.7 

10.4 

18.2 

13.9 

18.2 

9.4 

14.0 

2.9 

2.6 

2.7 

128.0 

132.0 

129  9 

16.7 

21.3 

18.7 

193.2 

189.2 

191.3 

19.9 

37.4 

27.8 

.09 

.  11 

.10 

10.0 

12.5 

11.2 

0 . 020 

0.005 

2.7 

2.7 

2.7 

1.9 

2.1 

2.00 

.6 

.5 

.6 

.4 

.3 

.4 

0.177 

0.174 

0.176 

0.128 

0.140 

0.133 

.077 

.097 

.087 

.056 

.078 

.066 

.003 

.002 

.005 

.017 

.010 

.045 

.ooe 

.056 

.032 

.052 

.043 

.095 

.115 

.107 

.071 

.09: 

')  .082 

.03r 

.062 

.048 

.015 

.  04( 

i  .031 

s  43; 

.521 

.  471 

i  .311 

1  . 42( 

1  .365 

.  16( 

.071 

) . 

.13: 

1  . 060 

s  .43: 

1  68' 

r  56i 

>  3i: 

5  ,56‘ 

2|  .425 

Item. 


Feed: 

Purchased  concentrates .  .  pounds 
Home-grown  grains .  “ 

Total  concentrates .  “ 


Non-commercial  roughage 
Commercial  roughage: 

Carbohydrate  hay . 

Legume  hay . 


i  < 
<  < 


Total  dry  roughage . .  “ 

Silage  and  other  succulent  rough- 

age . pounds 

Pasture . acres 

Bedding . pounds 

Hauling  and  grinding  concen¬ 
trates  . dollars 

Labor : 


Horse  labor . 
Other  costs: 


Motor-truck  charges . 

Herd  charges — 

Taxes,  insurance,  veterinary 
medicine,  disinfectants  anc 
cow-testing  associations 


Interest  on  cow  investment 
Cost  of  keeping  bull . 


on  cows . * 

Depreciation  on  cows .... 
Appreciation  on  cows.  .  .  . 


<  ( 
<  i 


t  ( 
<  i 


Total  of  other  costs ....  dollars 


*  The  summaries  of  the  unit 


» of*»rpnce. 


REQUIREMENTS  FOR  KEEPING  A  COW  ONE  YEAR 


TABLE  26 


Number  of  Cows,  Average  Production  and  Requirements  for  Keeping  a  Cow, 
Except  Charge  for  Management,  Based  on  the  Records  Obtained  for 
the  Two  Years  1916-17  and  1917-1918 


Winter. 

Summer 

Entire 

Year. 

2  819.2 

874.6 

847.0 

s  2353 

2899 

5252 

696 

235 

931 

83 

16 

99 

779 

251 

1030 

27 

61 

88 

2700 

403 

3103 

330 

79 

409 

3057 

543 

3600 

4502 

805 

5307 

3.0 

3.0 

263 

263 

0.47 

0.14 

0.61 

64.2 

58.8 

123.0 

13.7 

10.4 

24.1 

4.13 

3.87 

8.00 

2.04 

1.91 

3.95 

.04 

.30 

.34 

1.33 

1.24 

2.57 

2.52 

2.37 

4.89 

1.12 

.89 

2.01 

11.18 

10.58 

21.76 

1.86 

1.74 

3.60 

13.04 

12.32 

25.36 

Item. 


Feed: 

Purchased  concentrates . 
Home-grown  grains . 


Total  concentrates .  “ 

Non-commercial  roughage .  “ 

Commercial  carbohydrate  hay .  “ 

Commercial  legume  hay .  “ 


Total  dry  roughage. 


Labor: 

Human  labor . hours 

Horse  labor .  < 

Other  costs: 

Building  charges . dollars 

Equipment  charges  and  dairy  supplies .  “ 

Motor-truck  charge .  <  < 

Herd  charges — 

Taxes,  insurance,  veterinary,  medicine,  disinfect¬ 
ants,  and  cow-testing  association . dollars 

Interest  on  cow  investment .  <  < 

Cost  of  keeping  bull .  <  < 

Total  of  other  costs,  except  depreciation  and 

appreciation  on  cows . dollars 

Depreciation  on  cows .  ( , 

Appreciation  on  cows .  <  < 

Total  other  costs ....  ,, 


*.The  1S™a11  amount  of  bedding  used  was  partly  due 
roughage  left  in  the  mangers. 


to  the  use  of  refuse  hay  and  other 
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REQUIREMENTS  FOR  KEEPING  A  BULL 

The  cost  of  keeping  a  bull  or  bulls  is  charged  to  the  dairy  herd. 
Table  27  shows  the  requirements  in  Vermont. 

TABLE  27 

Requirements  for  Keeping  a  Bull,  Based  on  Averages  Obtained  from  the 

Equivalent  of  27.1  Bulls  (1) 


Average 

Average 

Average 

Item. 

of  Two 

of  Two 

for 

Winters. 

Summers. 

Year. 

Feed: 

Purchased  concentrates . 

162 

104 

266 

Home-grown  grains . 

<  < 

57 

13 

70 

Total  concentrates . 

i  ( 

219 

117 

336 

Dry  roughage : 

68 

124 

Non-commercial . 

(  ( 

56 

Commercial  carbohydrate  hay . 

<  t 

2894 

2717 

5611 

Commercial  legume  hay . 

(  i 

765 

234 

999 

Total  dry  roughage . 

<  l 

3715 

3019 

6734 

Silage  and  other  succulent  roughage . 

<  i 

<  l 

1819 

269 

577 

2396 

269 

Paaturp  . dollars 

1.92 

1.92 

TJ _ _  loVinr  . hours 

22.3 

15.4 

37.7 

Other  costs: 

. .  .dollars 

3.06 

3.55 

6.61 

interest  ou  uuu  . . 

4.13 

3.47 

7.60 

ljU.II  b  S1UUC  Ul  . 

i  i 

7.19 

7.02 

14.21 

i  l 

1.09 

.99 

2.08 

Total  of  other  costs  less  appreciation. . 

(  ( 

6.10 

6.03 

12.13 

MANAGERIAL  ABILITY 

An  allowance  for  managerial  ability  is  justifiable;  but,  as  y<'t'  "° 
equitable  method  of  making  such  an  allowance  has  been  worked  out. 


CREDITS  FOR  CALVES  AND  MANURE 
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Such  factors  as  economical  feeding,  increased  production  per  cow,  size 
of  business  and  low  cost  of  production  must  be  considered. 

Some  investigators  have  added  10  to  20  per  cent  to  the  cost  of  pro¬ 
duction,  to  cover  managerial  ability.  Such  a  method  is  obviously 
unfair,  because  the  least  efficient  man,  i.e.,  the  producer  with  the  highest 
cost,  received  the  largest  amount  for  his  ability  as  manager. 

Until  a  satisfactory  formula  for  managerial  ability  has  been  devised, 
it  is  better  to  report  the  actual  cost  of  production,  allowing  pay  for  the 
manager’s  labor  at  the  same  rate  as  hired  men’s  wages.  An  arbitrary 
sum  may  then  be  added  to  cover  managerial  ability. 

CREDITS  FOR  CALVES  AND  MANURE 

After  the  total  cost  of  milk  production  has  been  computed,  credits 
for  calves  and  manure  must  be  subtracted  to  find  the  net  cost.  Table  28 
shows  the  credit  for  calves  and  manure  for  each  100  pounds  of  milk  pro¬ 
duced  in  Vermont. 


TABLE  28 


Credit  for  Calves  and  Manure  for  Each  100  Pounds  of  Milk  Produced  (1) 


Item. 

Winter. 

Average 
of  Two 
Winters. 

Summer. 

Average 
of  Two 
Summers. 

1916-17 

1917-18 

1917 

1918 

Credit  for  calves,  .number 
Credit  for  manure .  pounds 

0.024 

370 

0.026 

394 

0.025 

382 

0.009 

46 

0.009 

68 

0.009 

56 

Table  29  shows  the  credits  for  calves  and  manure  per  cow  per  year 


TABLE  29 


Credits  for  Calves  and  Manure  per  Cow  per  Year  in  Vermont 


Credits. 

Number  of  calves . 

Manure  saved . 

Nitrogen  in  manure . 

Phosphoric  acid  in  manure 
Potash  in  manure. 


It  should  be  noted  that  credit 


Winter. 

Summer. 

Year. 

n  co 

0.27 

U .  Oo 

0.85 

4.5 

0.8 

5  3 

49.6 

8.7 

58.3 

16.4 

2.9 

19.3 

54.9 

9.3 

64.2 

was  allowed  only  for  the  manure  saved. 
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PERCENTAGE  COMPARISON  OF  COST  FACTORS 

It  is  interesting  to  note  the  part  that  each  cost  factor  represents  in 
the  total  cost  of  milk  production.  This  relationship  will  vary  greatly, 
as  each  separate  factor  is  subject  to  variation  which  may  not  affect  the 
others.  For  instance,  in  times  of  high  feed  prices,  feed  cost  may  repre¬ 
sent  a  considerably  higher  percentage  of  the  total  cost  of  production 
than  in  normal  times. 

The  difference  in  cost  between  summer  and  winter  is  also  instructive. 
These  relationships  and  their  seasonal  variations  in  Vermont,  during 
the  years  1916-1918,  are  shown  in  Table  30. 


TABLE  30 

Per  Cent  of  the  2-year  Cost  of  Milk  Production  Represented  by  Feed, 
Labor  and  Overhead  and  Other  Costs  (1) 


Cost  Item. 

Average  of 

2  Winters. 
Per  Cent. 

Average  of 

2  Summers. 
Per  Cent. 

Average  of 

2  Years. 
Per  Cent. 

Feed  and  bedding . 

39.0 

10.4 

5.5 

49.4 

5.5 

10.8 

10.2 

21.0 

Other  costs  except  herd  inventory  variations. . 

10.3 

10.4 

20.7 

Total  cost  except  herd  inventory  variations 

60.1 

1.7 

36.5 

1.7 

96.6 

3.4 

Total  cost  of  production . 

61.8 

38.2 

100.0 

Credits: 

3  5 

2.0 

5.5 

14.9 

2.8 

17.7 

Total  for  calves  and  manure . 

18.4 

4.8 

23.2 

APPLICATION  OF  FORMULAS 

When  it  is  desired  to  ascertain  production  cost,  prevailing  prices  in 
the  locality  studied  are  applied  to  the  unit  requirements.  A  simple 
example  will  illustrate  the  method: 


AVERAGE,  MEDIAN  AND  BULK-LINE  COSTS 
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Requirements  for  Producing  100  Pounds  of 
Milk  in  Winter. 

Cost  per  Unit. 

Total  Cost. 

Or^in  33  nniinds  . 

3?f  per  pound 

U  “ 

0.3^  “ 

0.4^  “ 

20^  “  hour 
\5i  “  “ 

$0.99 

1.30 

.57 

.04 

.50 

.08 

.55 

$4  03  $4 . 03 

Silnorp  tinrl  succulent,  roilP’hnfre.  100  nounds . 

Redding  10  pounds . 

Labor  human  2  5  hours  . 

Labor  horse  0  5  hour . 

Other  costs . 

Total  gross  cost 

Credits:  Calves,  03  of  a  calf . 

$6 . 00  per  calf 
.  15jf  per  pound 

.18 

.57  .75 

$3  28 

Manure.  382  pounds . 

Total  net  cost . 

AVERAGE,  MEDIAN  AND  BULK-LINE  COSTS 

Milk  should  be  sold  at  a  profit,  but  the  price  should  be  reasonable, 
so  that  demand  will  be  stimulated.  If  profits  are  too  small,  dairymen 
will  lessen  production  and  a  subsequent  shortage  may  ensue.  If  prices 
are  too  high,  consumption  may  decrease,  with  a  consequent  surplus  of 
milk.  Milk  producers,  dealers  and  consumers  are,  therefore,  intensely 
interested  in  milk  prices,  and  there  is  a  constantly  growing  tendency 
for  all  parties  to  come  to  a  better  understanding  of  the  problems  involved. 

A  complete  knowledge  of  the  cost  of  production  is  an  important 
factor  in  such  an  understanding.  But  when  the  cost  is  known,  how  may 
a  fair  price  for  milk  be  determined?  Obviously,  the  price  cannot  be  set 
by  the  producer  having  the  highest  cost,  as  such  a  scheme  would  encour¬ 
age  uneconomical  milk  production  and  work  a  hardship  on  the  con- 

sumer.  Neither  can  the  price  be  determined  by  the  low-cost  producer 
tor  all  other  dairymen  would  suffer  a  loss. 

standard”1^68  T*8®  C°St  °f  l,roduction  has  been  used  as  a 
Standard.  This  means  that  one-half  of  the  community  milk  supply 

must  be  sold  at  a  loss,  or  the  dairymen  producing  it  must  go  out  of  bus 

ness  thus  curtailing  the  available  supply  to  a  dangerous  extent 

In  this  method  £  Twf  •“  bU'k  Hne  ”  method  is  more  advisable. 

the  greater  quantitf  o/ “  *7™  °U  the  C°St  tables>  below  which 
1C  gi  cater  quantity  of  milk  is  produced  TLi«  i:  •  n 

set  that  it  includes  from  80  to  90  per  cent  of  th!  \  f  USUally  S° 

cost  of  producing  all  milk  excent  that  \  the  suPPly-  It  covers  the 

8  ’  GXCept  that  P^duced  at  unreasonably  high 
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costs.  Table  31  illustrates  the  difference  between  the  average  and  bulk 
line  costs,  by  the  presentation  of  five  imaginary  dairy  farms. 


TABLE  31 

Average  and  Bulk  Line  Costs  of  Milk  Production 


Farm. 

Cost  per  100  Pounds 
Milk. 

Pounds  of  Milk 
Produced. 

Total  Cost  of  Milk 
Produced. 

A 

$1.20 

300 

$3.60 

B 

1.50 

250 

3.75 

C 

1.60 

400 

6.40 

D 

1.90 

200 

3.80 

X 

E 

2.40 

150 

3.60 

Total 

.... 

1300 

$21.15 

Line  x — x  =  bulk  line. 


It  will  be  seen  that  1300  pounds  of  milk  are  produced  at  a  cost  of 
$21.15,  or  an  average  cost  of  about  $1.63  a  hundred  pounds. 

Setting  the  bulk  line  at  $1.90  as  indicated,  includes  1150  pounds  of 
milk  or  slightly  over  88  per  cent  of  the  total  supply.  Thus,  the  average 
cost  is  $1.63,  while  the  bulk  line  cost  is  $1.90  a  hundred  pounds.  Farmer 
C,  being  the  producer  whose  cost  is  midway  between  high  and  low,  is 
sometimes  called  the  “  median  man,”  and  his  cost,  $1.60  per  hundred 
pounds,  the  “  median  cost.” 


EXACTNESS  OF  COST  STUDIES 

While  cost  studies  such  as  have  been  described  are  accurate,  there  are 
certain  rather  intangible  factors  which  should  be  considered  in  inter¬ 
preting  them.  Women  and  children  are  credited  with  wages  which  they 
unquestionably  earn;  but  often  their  labor  would  be  unsalable,  coming, 
as  it  does,  at  odd  times,  as  after  school  and  between  other  jobs.  In 
addition,  certain  roughages,  which  might  not  find  a  ready  sale,  are 
charged  to  the  dairy.  Milk  production  also  furnishes  a  profitable 
employment  during  the  winter  for  farm  hands  employed  on  a  yearly 

basis. 
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CAN  PRODUCTION  COST  GOVERN  SELLING  PRICE  ? 

While  it  is  desirable  for  milk  producers  to  receive  cost  of  production 
plus  a  reasonable  profit,  this  cannot  always  be  done.  In  the  final  anal¬ 
ysis,  price  will  depend  largely  upon  market  demands;  therefore,  the 
price  of  milk  cannot  be  based  entirely  on  the  cost  of  production.  But 
the  producer  can  determine  whether  or  not  the  market  price  for  milk 
warrants  continued  production. 

In  other  words,  market  demand  regulates  price;  and  the  margin 
between  price  and  cost  of  production  regulates  supply.  It  is  useless 
for  dairymen  to  ask  a  high  price  for  milk  if  the  market  will  not  absorb 
the  product.  These  statements,  of  course,  apply  only  to  open  markets 
where  there  is  free  and  unrestricted  competition. 

These  being  the  facts,  the  advantages  of  the  bulk  line  method  of  price 
estimation  is  apparent.  The  demand  and  available  supply  can  be  esti¬ 
mated  rather  accurately,  and  the  bulk  line  price  may  then  be  applied 
to  meet  the  needs  of  the  particular  case.  For  instance,  if  the  market 
will  consume  only  70  per  cent  of  the  supply,  the  bulk  line  may  be  set  at 
the  price  under  which  approximately  70  per  cent  of  the  milk  is  produced. 
If  supply  does  not  meet  demand,  it  may  be  necessary  to  raise  the  bulk 
fine  to  90  or  even  100  per  cent. 

IMPORTANCE  OF  INDIVIDUAL  STUDIES 

Great  care  should  be  exercised  in  attempting  to  apply  cost  formulas 
in  other  locations  than  where  the  studies  were  made.  It  is  far  better  to 
conduct  studies  in  the  exact  place  where  the  information  is  necessary 
as  in  this  case  there  can  be  no  criticism  of  the  results. 
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CHAPTER  XII 


METHODS  OF  SUPPLYING  CONSUMERS  WITH  MILK 

PRIMITIVE  METHODS 

When  one  considers  the  exacting  demands  of  the  consumers  of  milk 
and  the  distance — often  as  much  as  300  miles — that  usually  separates 
them  from  the  producer,  one  begins  to  realize  the  difficulties  involved  in 
the  marketing  of  this  product. 

In  the  old  days,  when  the  country  was  sparsely  populated,  many 
families  kept  a  cow  of  their  own,  and  this  practice  is  also  followed  in 
many  small  towns  to-day.  Families  who  did  not  own  a  cow  procured 
their  supply  from  a  neighbor.  Sometimes  a  producer  would  drive  to 
town  with  a  few  cans  of  milk  and  peddle  it  about  the  streets.  He  would 
often  follow  a  more  or  less  regular  route,  and  the  housewife  would  come 
to  the  wagon  with  her  own  receptacle  to  get  the  milk.  This  method  of 
milk-marketing  was  not  conducive  to  a  large  consumption  of  milk,  and 
it  was  often  difficult  for  people  to  obtain  a  sufficient  supply. 


DEVELOPMENT  OF  THE  MILK  DEALER 

Families  who  kept  their  own  cows  and  sold  their  surplus  milk  to 
their  neighbors  soon  saw  the  opportunity  afforded  in  selling  to  others, 
and  they  began  to  buy  more  cows  and  also  to  buy  milk  from  other  pro¬ 
ducers.  Soon  they  began  to  deliver  the  milk  to  the  neighbors  instead  of 
letting  them  come  for  it,  and  gradually  they  developed  regular  delivery 
routes.  Others  who  saw  the  opportunities  in  retailing  milk  bought  milk 
from  producers  and  started  milk  routes.  In  this  way  the  milk  dealer 
of  to-day  was  gradually  developed. 

PRESENT  FACILITIES  FOR  MARKETING  MILK 

In  general,  there  are  now  at  least  three  systems  of  marketing  milk 

1.  Direct  marketing  by  the  producer  himself 

2.  Indirect  marketing  through  the  middleman  or  milk  dealer 

3.  Marketing  through  Producers’  Cooperative  Associations 

Under  the  third  system  the  milk  may  be  distributed  1 

ducers’  association  itself  or  throuirh  tho  Z  1  n  ‘  Ili,uted  bY  the  pro- 
latter  practice  being  the  most^ommon  “  °r  ^  the 
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1.  The  Village  Milk  Dealer,  or  Producer-dealer 

In  most  of  our  smaller  towns  and  villages,  practically  all  the  milk  is 
retailed  by  the  producers  themselves.  The  village  milk  dealer  sells  the 
milk  from  his  own  cows  and  sometimes  buys  some  milk  from  other  pro¬ 
ducers,  which  he  sells  with  that  from  his  own  cows. 

Very  little  equipment  is  required  by  the  village  milkman.  The 
milk  is  cooled  by  setting  the  cans  in  a  tank  of  water,  or  it  is  run  over  a 
milk  cooler. 

The  village  dealer  either  delivers  the  milk  to  the  consumer  from  the 
can  which  he  carries  on  his  wagon  or  he  puts  the  milk  into  bottles  and 
delivers  bottled  milk  to  the  consumer.  When  bottles  are  used,  quite  an 
investment  in  bottles  is  required,  as  the  life  of  the  milk  bottle  is  short. 
The  dealer  must  also  have  a  bottle  washer,  usually  consisting  of  a  tank 
with  a  revolving  brush.  The  brush  is  made  to  revolve  by  a  steam  tur¬ 
bine  or  it  is  connected  by  a  belt  to  a  motor  or  engine.  After  the  bottles 
are  washed,  they  are  rinsed  by  being  immersed  in  a  tank  of  water.  At 
the  best  dairies,  after  the  bottles  are  washed  and  rinsed,  they  are  put 
into  a  closed  chamber  or  sterilizer;  live  steam  is  then  admitted  to  the 
chamber  and  the  bottles  are  thoroughly  steamed.  A  small  steam  boiler 
is  required  to  furnish  steam  for  hot  water  and  for  sterilizing  the  bot¬ 
tles,  etc. 

Delivery  to  Consumer. — The  village  milk  dealer  delivers  milk  to  the 
consumers  either  once  or  twrice  a  day,  the  practice  of  delivering  twice  a 
day  being  quite  common  in  some  southern  towns.  Usually,  as  soon  as 
the  milk  is  cooled,  it  is  sent  out  on  the  delivery  route  and  is  all  delivered 
within  two  or  three  hours  after  milking. 


2.  The  City  Milk  Dealer 

As  villages  grow  into  large  towns,  the  village  milk  dealer,  finding 
that  he  cannot  supply  the  increased  demand  for  milk  from  his  own  cows, 
buys  milk  from  other  farmers.  The  farms  located  in  or  near  the  town 
gradually  become  absorbed  by  the  city  so  that  in  time  the  milk  supply 
has  to  be  “  shipped  ”  into  the  city  from  the  surrounding  country.  The 
result  is  that,  instead  of  receiving  the  milk  direct  from  the  producer,  as 
was  formerly  the  custom,  the  city  consumer  now  receives  it  from  the 
milkman,  known  as  the  milk  dealer,  or  middleman.  The  milk  dealer 
buys  the  milk  from  the  producer,  has  it  brought  to  his  plant,  where  it  is 
pasteurized  and  bottled,  and  delivers  it  to  the  consumer.  For  the  pur¬ 
pose  of  preparing  the  milk  for  delivery  to  the  consumer,  the  milk  dealer 
establishes  a  plant,  where  he  pasteurizes  and  bottles  the  milk. 


PRESENT  FACILITIES  FOR  MARKETING  MILK 
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The  construction  and  equipment  of  milk  plants  are  discussed  in 
Chapter  XV. 

Functions  of  the  Milk  Dealer. — Thus,  the  milk  dealer  takes  an  impor¬ 
tant  part  in  the  marketing  of  milk.  He  makes  arrangements  for  buying 
the  milk  from  the  producer  and  transporting  it  to  the  city.  He  brings 
it  to  his  plant  in  the  city,  pasteurizes  and  bottles  it  and  finally  delivers 
it  to  the  consumers,  in  accordance  with  their  needs.  The  dealer  per¬ 
forms  a  definite  service,  regularly  and  against  obstacles,  and  supplies 
an  economic  need  in  the  marketing  of  milk.  He  delivers  the  milk  to  the 
consumers  at  a  definite  time  every  day  in  the  year,  regardless  of  weather 


FlG-  ™'~A  large  fy  milk  P’ant  of  expensive  construction.  Note  nlatfornTX 
m,lk  „  received  and  delivery  wagons  are  loaded  and  unloade“Sly 


“bin  render' 

number  of  accounts  on  his  boote  and  often  1  t  ?  ^  a  large 

re8"the  T  ‘hat  0,6  Pr°dUCer  bepa^mpS  ^  ^ 

FTthLwr:  zz  rpIy 

sell  during  certain  seasons  of  surplus  production  IT'k  ^  ““ 

of  this  surplus  by  manufacturing  .  »  nd  he  has  to  dispose 

Cheese,  etc  manufactunng  it  into  by-products,  such  as  butter, 

When  the  producers  are  located  at  considerable  distances  from  the 
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city,  the  milk  dealer  often  establishes  a  country  receiving  station,  where 
the  milk  from  the  various  farmers  is  received  and  cooled  before  it  is 
shipped  to  the  city.  This  requires  added  investment  in  plants  and 
equipment,  as  well  as  additional  expense  in  handling.  For  short  dis¬ 
tances,  direct  shipments  are  made  from  the  farmers’  station  to  the  city. 

Country  milk-receiving  stations  are  discussed  in  Chapter  XV. 

3.  Marketing  through  Producers’  Cooperative  Associations 

Whether  milk  is  distributed  by  the  milk  dealer  or  not,  a  large  pro¬ 
portion  of  it  is  marketed  through  producers’  cooperative  associations. 
In  some  cases  organizations  of  producers  or  producer-dealers  have  been 
formed,  plants  have  been  established,  and  the  milk  of  the  members 
delivered  to  the  consumers  by  the  association.  The  marketing  of  milk 
through  producers’  cooperative  associations  is  discussed  in  Chapter 
•XIII. 


and  bottling  machinery. 
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soon  as  it  arrives  at  the  dealer’s  plant  it  is  weighed  and  samples  are 
taken  for  the  butterfat  test.  The  practice  of  paying  for  milk  on  a 
quality  basis  is  also  more  common  than  formerly.  Many  milk  dealers 
pay  the  producer  premiums  for  extra  quality,  based  on  such  factors  as 
bacterial  count,  temperature,  score  of  the  dairy,  health  of  cattle,  etc. 
Such  systems  encourage  the  producer  to  produce  high-grade  milk. 

Buying  Milk  by  Weight. — Although  the  proportion  of  dealers  who 
are  using  the  weight  system  is  much  larger  now  than  formerly,  yet  a 
considerable  number  of  small  dealers  still  use  the  can  measure  system 
of  determining  the  quantity  of  milk  received  from  the  producer.  In  a 
recent  investigation  carried  on  by  one  of  the  authors,  some  interesting 
data  were  obtained  which  illustrated  the  inaccuracy  of  the  system  of 
determining  the  quantity  of  milk  received  at  the  plant  by  the  can 
measure  system  alone.  Observations  were  made  on  a  total  of  346 
shipments  of  milk,  consisting  of  1102  cans.  The  cans  of  milk  were 
examined  on  arrival  at  the  plants,  before  they  were  dumped  into  the 
weigh  cans.  The  quantity  of  milk,  by  measure,  in  cans  that  were  not 
full,  was  estimated  by  means  of  measuring  sticks,  so  that,  regardless  of 
the  quantity  shipped  by  the  producers  and  the  amount  lost  before  the 
milk  reached  the  plants,  an  accurate  check  was  made  upon  the  fullness 
of  the  milk  cans  before  they  were  emptied  into  the  weigh  cans.  Table 
32  below,  shows  the  difference  between  the  quantity  of  milk  dumped,  as 

determined  by  can  measure,  and  the  actual  quantity  received,  as  shown 
by  the  scales. 

TABLE  32 


Difference  between  Weight  and  Measure 


Number 

of 

Cans. 

Quantity  Received 
According  to  Can 
Measure. 

Weight. 

Actual  Quantity 
Received,  Allowing 
8.6  Pounds  to  the 

Difference. 

Gallons. 

Pounds. 

Gallon. 

Gallons. 

Gallons. 

Per  Cent. 

1102 

6185.32 

521,910 

6068.72 

116.60 

1.88 

116.60  gallons,  orTai  per  c!  n t. '' '  Th is  ^ iff  ' ^  °f  received  was 

primarily  to  the  poor  cans  that  were  used^lTcann,  7T  “°  d°Ubt  ^ 
dented  and  battered  cans  will  hold  the  full  amount  ^ 

One  company  handling  a  little  more  than  anon  '  n 
deeded  after  several  years  to  buy  the 
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installed,  and  the  difference  between  the  measure  by  the  cans  and 
the  actual  quantity  of  milk  received,  as  shown  by  the  scales,  was  deter¬ 
mined.  Table  33  shows  that  if  the  plant  had  bought  the  milk  by 
can  measure  it  would  have  paid  for  more  than  2000  gallons  of  milk 
above  what  it  actually  received  in  each  of  the  two  months.  This 
would  have  been  a  loss  of  more  than  $600  a  month,  if  milk  was  worth 
30  cents  a  gallon. 


TABLE  33 


Difference  between  Can  Measure  and  Actual 
Quantity  of  Milk  Received  as  Shown  by  Scales 
at  a  City  Plant 


Item. 

Milk 

Received 

During 

April. 

Gallons. 

Milk 

Received 

During 

May. 

Gallons. 

Pan  mPRSlirP  . 

126,460 

124,331 

138,485 

135,941 

fFprpnr.fi  . 

2,129 

2,544 

Inaccuracies  which  result  from  buying  the  milk  by  measure  instead 
of  by  weight  are  due  principally  to  the  following  causes:  Cans  not 
filled  by  producer,  milk  spilled  or  leaked  in  transit,  and  use  of  cans 
not  holding  the  required  amount  because  of  dents  or  other  defects. 


buying  plans  and  methods  of  arriving  at  prices 

Sales  of  milk  by  milk  dealers  to  consumers  vary  somewhat,  being 
influenced  by  such  factors  as  weather,  temperature,  day  of  week,  num- 
,  r  onnlo  wav  etc  These  variations,  however,  are  not  great,  and 
iteca°n  That  L  consumption  of  milk  from  week  to  week 

is  relatively  stable.  Production,  however,  varies  greatly  during  e 
year  so'that  the  supply  of  market  milk  available  ^  not  —  wrth 

the  demand.  Usually  tee  is  this  uneven  pro- 

TV  tftfkldthe  fXe  “pmduction  'to  coincide  with  fluid 
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considerable  surplus  milk  which  must  be  disposed  of  in  the  form  of  man¬ 
ufactured  milk  products. 

Table  34  shows  the  seasonal  variation  in  milk  production  in  four 
dairy  districts  in  Illinois,  and  Table  35  shows  the  seasonal  variations  in 
the  consumption  of  milk  and  cream  in  the  Chicago  market  in  1922-1926. 
Fig.  38  shows  graphically  the  relation  of  purchases  to  sales  of  milk  for 
five  large  Boston  distributors  in  1922-1927. 


TABLE  34 


Seasonal  Variation  in  Milk  Production  in  Four  Dairy  Districts 

of  Illinois  *  (l) 


(Figures  are  based  on  total  receipts  at  milk  plants  and  represent  percentage  of 
average  month  during  period  specified)  f 


Month. 

Chicago, 

1925. 

St.  Louis, 
1922-1925. 

Peoria, 

1926-1927. 

Quincy, 

1924-1926. 

January . 

February . 

March . 

April . 

May . 

June . 

July . 

August . 

September. . .  . 

October .... 

November. .  .  . 
December.  . 

89.6 

86.1 

99.7 
100.6 
119.8 
119.1 
108.4 

99.6 

91.7 

96.0 

90.5 

98.9 

109.5 

104.8 

117.5 

120.5 
149.0 

112.8 

93.1 

75.6 

62.3 

72.8 

82.4 

99.7 

79.9 

78.6 

90.6 

95.9 

129.1 
136.5 

125.2 
112.9 

93.3 

88.6 

84.6 

84.8 

99.4 

95.8 

106.1 

108.9 

123.9 

109.9 
106.5 

99.0 

86.2 

86.1 

85.2 

93.0 

Total  volume  (pounds) 

on  which  percent- 

ages  are  based . 

647,217,469 

117,491,991 

69,001,699 

15,174,190 

*  Trend  removed. 

t  Not  corrected  for  vary.ng  number  of  days  in  different  months. 

purchasing  market  milk^Thf XafeT'wouU 

the  faU  ^  '°W  P^uettonTn 

«  to  supply  the  d^ndsT^ 

t  he  re  fore  have  to  carry  a  considerable  surplus  during  th^  ■  ^  W°U,d 

~  ^  rId' of 
— -  -  - 1 
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TABLE  35 

Seasonal  Variation  in  Consumption  of  Milk  and  Cream  in  the  Chicago 

Market,  1922-1926  *  (l) 


(Figures  indicate  percentage  of  average  monthly  sales  and  are  based  on  an 
approximate  annual  distribution  of  4  million  pounds) 


Milk,  Quarts. 

Milk,  Pints. 

Cream,  Half-pints. 

Retail, 

Retail, 

Retail. 

Wholesale. 

Retail. 

Wholesale. 

22  Per  Cent. 

32  Per  Cent. 

January. . . . 

101.9 

94.7 

90.6 

83.3 

104.3 

122.7 

February . . . 

102.2 

95.7 

93.0 

84.6 

103.7 

119.7 

March . 

102.6 

96.1 

95.3 

85.8 

103.7 

117.6 

April . 

102.0 

95.9 

98.1 

90.7 

104.3 

124.6 

May . 

100.5 

96.6 

99.8 

96.9 

102.4 

115.9 

June . 

101.2 

105.8 

106.1 

111.6 

97.3 

84.1 

July . 

93.3 

107.4 

103.6 

115.9 

90.3 

62.1 

August . 

92.3 

109.4 

106.6 

121.3 

87.9 

57.1 

September. . 

98.9 

108.7 

107.2 

119.2 

96.4 

68.6 

October .... 

101.4 

101.0 

106.9 

110.3 

100.6 

91.5 

November. . 

101.8 

96.1 

101.1 

96.8 

103.8 

115.9 

December .  . 

101.9 

92.6 

91.7 

83.6 

105.3 

120.2 

*  Trend  removed. 


c 

o 


c 

o 


Total  Purchases 
Fluid  Milk  Sales 

. ""I 

HI 

„  »  T..i.,nM.IanJtDr.JulyOct.Jan.Apr.JulyOct.  J< 

1926 


1927 


192<>  1923  1924  1925 

P,o.  38. — Relations  of  purchases  <0  sa.es  of  nnlh  for  five  .arge  Boston  Distributors 

in  1922- lyZ/.  \o) 
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all  milk  received  low  enough  to  compensate  him  for  any  loss  sustained 
on  the  surplus.  In  some  cases  the  dealer  would  determine  the  amount 
of  the  surplus  and  pay  the  producer  a  lower  price  for  all  milk  which  he 
had  to  dispose  of  in  other  forms  than  market  milk.  This  system  was 
very  unsatisfactory  to  the  producer. 

During  the  last  10  or  15  years  more  equitable  buying  plans,  based 
as  far  as  possible  on  economic  laws,  have  been  worked  out.  This  has 
been  to  a  large  degree  because  of  the  bargaining  power  of  the  producers’ 
cooperative  associations  which  have  been  organized  during  the  period. 

In  general,  the  various  buying  plans  attempt  to  accomplish  the  fol¬ 
lowing  : 

1.  Insure  a  supply  of  high  quality  of  milk,  sufficient  to  meet  the 
demands  of  the  market  at  all  times. 

2.  Secure  from  the  dealers  prices  for  milk  based  on  its  value  in  dif¬ 
ferent  uses,  as  fluid  milk,  cream,  butter,  cheese,  etc. 

3.  Distribute  the  payments  from  the  dealers  to  each  producer  in 
accordance  with  the  evenness  of  his  production  throughout  the  year. 

In  general  there  are  three  main  plans  for  buying  milk  which  attempt 
to  carry  out  the  above  objects: 

1.  The  basic  surplus  price  plan. 

2.  The  classification  or  use  price  plan. 

3.  The  combination  plan. 


The  Basic  Surplus  Price  Plan.— Under  this  plan  the  producer  is 
compensated  for  producing  an  even  volume  of  milk  throughout  the  year. 
He  is  assigned  a  definite  volume  of  production  and  for  amounts  over 
and  in  some  cases  under  this  basic  volume  he  receives  a  surplus  or  lower 
price.  Each  producer’s  basic  quantity  is  usually  determined  by  his 
average  production  during  the  previous  October,  November  and 
December,  the  period  of  the  year  when  supply  and  demand  most  nearly 
balance.  lor  all  milk  produced  above  this  basic  volume  he  receives 
surplus  prices.  This  plan  is  employed  in  the  Philadelphia  and  Baltimore 


In  some  markets  each  producer  is  permitted  to  make  an  estimate 
o  us  future  production  and  this  becomes  his  base.  For  all  milk  nro- 
duced  above  or  below  this  estimated  volume  he  is  penalized.  Thte  is 
sometimes  called  the  “  contract  ”  plan  and  is  employed  by  the  Con 
necucut  Milk  Producers’  Association.  Each  producer  signs  a  contract 
with  the  association,  stating  the  quantity  of  milk  he  proposes  to  deliver 
daily  during  he  next  12  months.  Penalties  are  provided  for  any  exZ 

quantity  or  for  -  s: 

Under  the  basic  surplus  price  plan  the  actual  prices  paid  are  usually 
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arrived  at  by  negotiations  between  representatives  of  the  dealers  and 
of  the  producers.  In  arriving  at  the  basic  or  market-milk  price,  such 
factors  as  business  conditions,  market  demands,  probable  production, 
cost  of  production,  etc.,  are  considered;  while  the  surplus  price  is  usually 
based  on  the  market  quotations  for  butter,  cheese,  etc. 

The  Classification  or  Use  Price  Plan.— This  plan  recognizes  the 
fact  that  milk  used  in  different  ways  has  different  values.  There  are 
at  least  two  classes  of  milk  under  this  plan.  The  Connecticut  Milk 
Producers’  Association  plan,  which  is  a  combination  of  the  basic  surplus 
and  the  use  price  plan,  provides  for  four  classes:  Class  1,  all  milk  sold 
in  fluid  form;  Class  2,  milk  made  into  cream  that  is  sold  in  fluid  form, 
Class  3,  milk  made  into  manufactured  products,  except  butter;  and 
Class  4 1  milk  used  in  making  butter.  In  some  markets  all  milk  not 
used  in ’fluid  form  is  used  as  cream.  In  that  case  only  two  classes  are 
required.  Prices  for  the  different  classes  are  determined  by  negotiation 
between  representatives  of  the  producers  and  of  the  dealers.  The  price 
for  Class  1  is  usually  based  on  market  conditions  such  as  total  produc¬ 
tion  in  relation  to  the  demands  for  milk  in  fluid  form.  Prices  for  the 
other  classes  are  based  on  market  quotations  for  cream,  butter,  cheese, 
etc  Records  of  the  sales  of  the  dealers  are  necessary  in  order  to  deter¬ 
mine  the  amounts  of  milk  going  into  the  various  classes 

Milk  sold  in  the  New  York  City  market  through  the  Dairymen  s 
League  Cooperative  Association  is  sold  under  the  use  price  plan,  as  is 
also  milk  sold  in  the  Boston  market  through  the  New  England  Milk 
Producers’  Association.  In  the  New  York  market  all  milk  sold  under  this 
nlan  is  “  pooled.”  The  total  payments  received  from  the  dealers  for  al 
classes  of  milk  sold  is  divided  by  the  total  volume  of  all  the  producers 
sethng  under  the  plan  to  obtain  the  pool  price.  Each  producer  receives 
The  same  price  for  his  milk  (subject  to  butterfat  and  freight  differentials) 
regardleffiof  whether  his  milk  was  sold  in  New  York  City  as  fluid  mi 

nAeld  in  the  country  and  manufactured  into  butter  or  cheese.  In  t 
or  held  in  p00led  as  in  the  New  York  market.  A 

Boston  market  the  p  for  his  milk  a  different  price 

from  thlt'reeeived  by  another  producer  selling  under  the  same  plan  to 
from  that  kc  y  mav  have  received  different 

another  dealer,  because  the  two  dealers  y  ^  particular 

^dealer  had  a  50  per  cent 

price  plan  and  the  classification  or  use  price  pia 
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the  producers’  association  in  accordance  with  the  classification  or  use 
price  plan;  i.e.,  the  dealers  pay  the  fluid  milk  price  and  the  surplus 
prices  for  the  milk  received  in  accordance  with  the  uses  that  are  made 
of  it,  whether  for  fluid  milk  or  for  cream  or  butter.  The  returns  to 
each  individual  producer,  however,  are  determined  by  a  method  similar 
to  the  basic  surplus  price  plan.  This  plan  is  used  by  the  Connecticut 
Milk  Producers’  Association,  and,  as  before  stated,  the  “  basic  ”  amount 
in  that  territory  is  established  by  the  producer’s  own  estimate  under  his 


contract. 

The  New  England  Milk  Producers’  Association  selling  milk  to 
Boston  dealers  has  recently  modified  its  former  classification  or  use 
price  plan  so  that  the  returns  to  the  producer  depend  on  the  evenness 
of  his  year-round  production  as  well  as  on  the  use  that  is  made  of  the 
milk  by  the  dealers. 

The  Plans  Compared. — The  chief  objection  that  might  be  raised 
against  the  basic  surplus  price  plan  is  that  changes  in  market  conditions 
and  demands  for  milk  will  not  necessarily  change  the  price  that  a  pro¬ 
ducer  will  receive  for  his  basic  quantity.  In  some  cases  this  has  brought 
about  a  modification  of  the  plan,  and  when  there  is  an  increased  demand 
for  fluid  milk  the  Class  1  price  has  been  offered  to  the  producers  for 
quantities  above  their  established  basic  amounts. 

The  “contract”  basic  surplus  plan  used  by  the  Connecticut  Milk 


Producers’  Association  places  upon  the  producer  the  responsibility  for 
the  quantity  he  should  attempt  to  produce  each  month  and  is  more 
flexible  than  the  basic  surplus  plans  used  in  the  Baltimore  and  Phila- 
delphis  milk  sheds,  where  the  basic  amount  is  determined  by  previous 
production.  Under  the  “contract”  plan  the  producer  is  penalized  for 
underproduction  as  well  as  for  overproduction,  whereas  under  the  usual 
basic  surplus  price  plan  he  is  not  penalized  for  underproduction. 

The  classification  or  use  plan  may  not  directly  bring  about  a  seasonal 
coordination  of  production  to  consumption.  This  may  be  accomplished 
in  part,  however,  by  raising  or  lowering  the  basic  price  when  there  is  a 
relatively  small  or  large  surplus  over  demand  for  fluid  milk.  In  some 
markets,  also,  prices  are  negotiated  each  month. 

Both  the  basic  surplus  price  plan  and  the  classification  price  plan  have 
been  successful  in  certain  territories  where  they  have  been  adopted,  but 

territory  “kit  ,  ‘  either  P‘an  WOuld  be  successful  in  some  other 

If  th„  11  r  T  p  ?  must  be  adapted  to  the  particular  conditions 
of  the  milk  shed  in  which  it  operates. 

The  basic  surplus  plan  which  includes  the  “contract”  plan  mav  be 

saa.-M-.taia:  rstTss 
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while  the  individual  producer  is  paid  in  accordance  with  his  established 
base.  This  is  the  plan  used  by  the  Connecticut  Milk  Producers’  Asso¬ 
ciation,  and  the  New  England  Milk  Producers’  Association  plan  has 
been  somewhat  similarly  modified.  Under  the  usual  basic  surplus  plan, 
however,  payments  to  the  producers  are  on  the  same  basis  as  are  sales 
to  the  dealers,  and  the  dealer  profits  or  loses  when  the  amount  of  milk 
consumed  in  fluid  form  is  above  or  below  the  basic  amount  for  which 
he  pays  Class  1  prices. 
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CHAPTER  XIII 


PRODUCERS’  COOPERATIVE  MILK-MARKETING 

ORGANIZATIONS 


According  to  Metzger  (1)  producers’  marketing  associations  mar¬ 
keted  about  two-fifths  of  the  milk  sold  in  the  United  States  during  1928. 
This  milk  had  a  value  of  over  $325,000,000. 

Producers’  cooperative  milk-marketing  associations  may  be  classified 
as: 

1.  Bargaining  associations. 

2.  Wholesaling  associations. 

3.  Distributing  associations. 


1.  Bargaining  Associations. — The  typical  bargaining  association 
operates  no  facilities  for  the  physical  handling  of  milk  either  in  the 
country  or  in  the  city.  The  chief  function  of  this  type  of  association 
is  to  represent  the  producer  in  all  price  negotiations  for  the  sale  of  his 
milk.  The  producers  are  represented  by  a  sales  committee  at  all  meet¬ 
ings  where  prices  are  negotiated.  The  association  does  not  receive  or 
physically  handle  any  milk  and  usually  does  not  pay  the  producer  for 
his  milk,  the  check  being  mailed  directly  by  the  milk  dealer  or  distribu¬ 
tor.  This  type  of  association  can  be  started  with  a  relatively  small 
amount  of  capital.  It  has  not  the  power,  however,  which  is  possessed 
by  the  wholesaling  type.  The  dealer  has  a  direct  contact  with  the  indi¬ 
vidual  members  and  may  be  able  to  procure  his  supply  direct  from 
them  in  case  of  difficulties  with  the  association. 

Ihe  associations  supplying  Boston  and  other  New  England  cities 

Philadelphia,  Pittsburgh,  Baltimore,  and  Washington  are  of  the  bar¬ 
gaining  type. 


,  2\  Wh°  e,sal”f  Associations.  These  associations  have  facilities  for 
the  physical  handling  of  the  milk  and  also  perform  all  the  functions  of  a 
argammg  association.  They  own  country  receiving  stations  and  also 
manufacturing  plants  where  the  surplus  can  be  held  and  manufactured 
mto  m, lk  products.  A  few  of  them  have  plants  in  the  city  from  which 
milk  is  dispensed  to  dealers,  in  bulk  and  in  a  few  instances  in  bottle. 
All  receipts  for  milk  from  the  dealers  pass  through  the Tsociat.on  » 

of J  ffihC  .f  S0C.latl0n  has  a  constant  contact  with  its  members  In  case 
difficulties  between  the  dealers  and  the  association,  it  is  possible  for 
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the  association  to  withhold  the  milk  if  it  so  desires,  as  it  has  the  facilities 
for  manufacturing  the  milk  into  milk  products.  It  may  thus  have  a 
greater  bargaining  power  than  the  strictly  bargaining  association.  As 
the  distributors  usually  do  not  own  or  operate  the  country  plants,  they 
are  more  dependent  on  the  association  for  their  supplies. 

A  considerable  amount  of  capital  is  necessary  for  the  operation  of 
this  type  of  association  because  of  the  large  investments  in  plants  that 
are  necessary. 

Associations  of  this  type  supply  milk  to  New  York  City,  St.  Paul, 
Minneapolis,  and  Los  Angeles. 

3.  Distributing  Associations. — Under  this  class  are  associations 
which  actually  distribute  market  milk  at  retail  to  the  ultimate  consumer 
and  often  also  at  wholesale  to  stores,  restaurants,  etc.,  in  competition 
with  the  milk  dealers  or  distributors. 

This  type  of  association  may  be  divided  into  two  classes:  (a)  The 
local  or  small  association.  These  associations  handle  all  the  milk  from 
the  time  it  is  produced  until  it  is  delivered  to  the  consumer  (either  retail 
or  wholesale).  ( b )  The  large  association.  With  this  class  the  distrib¬ 
uting  business  is  sometimes  a  minor  part  of  its  operations,  its  main 
functions  often  being  those  of  the  bargaining  and  wholesaling  associa¬ 


tions. 

(a)  The  Local  or  Small  Association.— The  members  of  these  organi¬ 
zations  usually  consist  of  a  number  of  producers  who  have  been  retailing 
their  own  milk,  or  of  producers  and  small  dealers.  By  combining,  both 
in  the  operation  of  a  plant  and  in  delivery  to  the  consumer,  consider¬ 
able  duplication  of  effort  can  often  be  eliminated  and  the  milk  delivered 
at  less  cost.  Usually  a  central  plant  is  established  in  the  city,  and  the 

farmers  bring  their  milk  to  the  plant.  , 

In  1921  a  questionnaire  was  sent  to  all  the  leading  mi  proc 
associations  in  the  United  States,  and  the  following  pages  are  based  on 
the  information  received  from  those  associations  that  operated  distnb- 

uting  plants. 


REASONS  FOR  ORGANIZING  AND  ESTABLISHING  A  CENTRAL 

DISTRIBUTING  PLANT 

There  have  been  various  reasons  for  producers  organizing  and 
mere  nave  w  o-oneral  rule,  the  local  economic 

establishing  distributing  plants.  A  <  g  The  following 

ciHmtion  made  it  imperative  that  some  change  be  made.  I  ne  iouow  g 

tral  plants: 


MEMBERSHIP 


179 


Number  of 

Reasons  Given.  Associations. 

To  establish  a  permanent  all-the-year  market  for  the  milk 

of  the  producers . 

To  get  better  prices  for  the  milk . 

To  make  it  possible  to  comply  with  city  pasteurization 

ordinance . 

To  eliminate  duplication . 

To  effect  more  economical  distribution . 

To  establish  a  market  for  the  local  producers . 

To  be  able  to  give  better  service  to  the  city . 

To  handle  the  surplus . 

To  give  the  producers  more  time  for  their  farm  work . 

Some  of  the  associations  gave  two  or  more  reasons,  but  the  most 
common  reasons  given  were  to  establish  a  permanent  all-the-year 
market  and  to  get  better  returns  from  their  milk.  These  prevailing 
reasons  were  really  the  result  of  necessity  in  many  cases;  i.e.,  the  pro¬ 
ducers  were  driven  to  do  something  on  account  of  the  uncertain  market 
and  the  low  prices  received.  Other  important  reasons  are  to  eliminate 
duplication  and  to  handle  the  surplus  milk.  Many  of  the  associations 
consist  in  part  of  producers  who  have  been  retailing  their  milk,  and  in 
those  cases  the  organization  of  the  association  and  the  establishment  of 
a  plant  naturally  eliminated  considerable  duplication  and  permitted 
the  producers  to  spend  their  entire  time  with  milk  production.  In  one 
city,  the  establishment  of  such  a  plant  reduced  the  number  of  delivery 
outfits  required  to  supply  a  certain  number  of  people  from  15  to  5. 


9 

9 

3 

3 

3 

2 

2 

2 

1 


MEMBERSHIP 

Of  a  total  of  twenty-three  associations,  the  number  of  members 
varied  from  14  to  650,  with  an  average  of  139,  and  the  membership 
consisted  of  producers,  producer-dealers  and  others,  usually  business 
people,  in  the  town  where  the  milk  was  to  be  distributed.  Thirteen 
associations  had  some  members  who  were  not  producers,  and  of  the  total 
3206  members  in  twenty-three  associations,  623  were  not  producers. 
In  four  of  the  associations  50  per  cent  or  more  were  former  retailers  and 
the  membership  of  fourteen  of  the  twenty-three  associations  consisted 
in  part,  of  former  retailers.  Of  the  2583  producers  in  twenty-three 
associations,  453  were  former  retailers.  One  association  had  a  con¬ 
siderable  number  of  consumers  in  its  membership,  while  another  asso¬ 
ciation  consisted  of  20  producers  and  10  employees  of  the  plant. 

The  intention  of  all  associations  is  to  have  the  membership  consist 
priman  y  o  milk-producers,  and  almost  invariably  the  control  of  the 
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business  is  wholly  in  the  hands  of  the  producers.  Where  both  pre¬ 
ferred  and  common  stock  are  issued,  the  preferred  stock  is  usually  sold 
to  men  who  are  not  milk-producers  and  gives  the  holder  no  voting  priv¬ 
ilege.  This  preferred  stock  is  often  retired  after  a  certain  period  of 
years,  so  that  in  time  all  the  stock  is  held  by  milk-producers.  Similarly, 
where  certificates  of  indebtedness  are  originally  issued  to  men  who  are 
not  producers,  they  give  the  holder  no  voting  privilege,  and  a  certain 
number  are  usually  retired  each  year  and  new  certificates  issued  to  milk- 
producers  only,  so  that  they  are  eventually  all  in  the  hands  of  milk- 
producers. 

METHODS  OF  FINANCING 


Various  methods  are  used  to  raise  the  capital  necessary  to  finance  the 
organizations  and  establish  and  equip  the  plants.  Formerly,  the  most 
common  method  was  to  issue  capital  stock.  The  common  stock  with  the 
voting  privilege  is  issued  to  milk-producers  and,  where  additional  capital 
is  desired,  preferred  stock  with  no  voting  privilege  is  usually  sold  to 
business  men.  The  preferred  stock  usually  has  a  definite  dividend 
allowance,  while  the  common  stock  is  usually  limited  to  a  certain  maxi¬ 
mum  percentage  for  dividend  payments.  The  organization  with  no 
capital  stock  has  been  more  common  in  recent  years.  Usually,  a  mem¬ 
bership  fee  is  charged  and  certificates  of  indebtedness  are  issued.  These 
certificates  carry  a  definite  percentage  of  interest  and  are  sometimes  sold 
to  outsiders  as  well  as  to  the  producers.  All  memberships  are,  of  course, 
held  by  milk-producers  and  each  member  has  one  vote.  Often  a  form 
of  contract  is  signed  by  the  producer  in  which  he  agrees  to  send  his  milk 
to  the  association  for  a  certain  period  of  years,  and  he  gives  the  asso¬ 
ciation  the  privilege  to  deduct,  from  his  milk  check,  amounts  required 
each  month  to  take  care  of  the  operation  of  the  plant  and  also  a  certain 
amount  to  take  care  of  depreciation  and  to  supply  a  fund  to  retire  the 
certificates  of  indebtedness.  The  plan  is  usually  to  retire  a  certain 
number  of  the  certificates  each  year  and  to  gradually  get  them  all  in  the 
hands  of  the  producers  in  proportion  to  the  quantity  of  milk  they  are 
shipping  to  the  association.  While  it  is  desirable  for  the  entire 
membership  to  consist  of  milk-producers,  it  is  sometimes  necessary 
to  raise  more  money  than  the  producers  can  put  up;  outside  capital 
must  therefore  be  obtained  and  this  is  one  of  the  ways  used  to 

SCt  Of  a  total  of  twenty-eight  associations,  eighteen  issued  capital  stock 
and  six  issued  certificates  of  indebtedness  only,  while  four  association 
issued  both  capital  stock  and  certificates  of  indebtedness  The ^average 
authorized  capitalization  of  twenty-one  associations  was  $65,857.14, 
varying  from  $5000  to  $225,000. 
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Basis  of  Subscription. — Various  bases  of  subscription  to  capital  stock 
and  certificates  of  indebtedness  were  used,  and  the  following  are  among 
those  reported : 

$5.00  per  quart  of  milk  shipped  daily. 

$50.00  per  50  pounds  of  milk  shipped  daily. 

$4.00  per  gallon  of  milk  shipped  daily. 

$50.00  per  cwt.  of  milk  shipped  daily,  etc. 

$5.00  per  cow  owmed. 

$10.00  per  cow  owned,  etc. 

Not  less  than  $250.00. 


The  limit  in  the  amount  of  investment  one  member  could  hold  in 
the  association  varied  in  fifteen  associations  from  $100  to  $10,000.  In 
eleven  of  the  associations  there  was  no  limit  to  the  amount  one  member 
could  hold. 

METHODS  OF  VOTING 

At  the  stockholders’  or  members’  meetings,  one  man  is  allowed  only 
one  vote,  with  no  proxies,  in  twenty-three  of  the  associations,  while  at 
five  of  the  associations  the  stockholders  vote  according  to  the  shares  of 
stock  held. 


TABLE  36 

Number  of  Routes  and  Number  of  Employees  in  21  Producers’  Cooperative 
_  '  Milk  Plants 


Size  of  Plant. 
(Number  of  Gal¬ 
lons  Handled 
Daily.) 

No. 

of 

Plants. 

Average 

Number 

Gallons 

Handled 

per 

Plant. 

Number  of  Routes. 

Number  of 
Men  Inside 
Plant. 

Average 

Number 

Route 

Fore¬ 

men 

per 

Plant. 

Average 

Number 

Office 

Clerks 

per 

Plant. 

W'holesale. 

Retail. 

Aver¬ 

age 

per 

Plant. 

Per 

100 

Gallons 

Handled. 

Aver¬ 

age 

per 

Plant. 

Per 

100 

Gallons 

Handled. 

Aver¬ 

age 

per 

Plant. 

Per 

100 

Gal¬ 

lons. 

500  gals,  or  less. .  . 

501  to  1000  gals.  . 
1001  to  2000  gals 

9 

7 

5 

380.5 

793 

1760 

0.5 

1.1 

2.8 

0.12 

0.14 

0.21 

3.5 
4.0 

2.6 

0.S8 

0.50 

0.20 

3.0 

5.0 

10.4 

0.76 

0.70 

0.60 

0.0 

0.5 

0.5 

1.0 

2.1 

3.4 

umsKATING  METHODS 

routes,  Office  etTV!*  °f .: delivery 

In  this  respect  cooperative  plante  d^nlt  dTfflr  l'™18  °!  Var‘0US  sizes- 
owned  plants.  differ  from  ordinary  privately 


■  „lk  s  5  “  » 
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investments  at  various  plants  arranged  according  to  quantity  of  milk 
handled  daily. 


Fig.  39.— Delivery  outfits  of  a  producers’  cooperative  distributing  plant. 


METHODS  OF  HANDLING  SURPLUS 


All  the  plants  have  a  surplus  of  milk  to  handle  at  certain  seasons 
of  the  year.  This  is  also  true  in  the  case  of  practically  all  milk  deal¬ 
ers,  except  in  cases  where  arrangements  are  made  for  the  producers  to 
handle  it.  The  following  is  a  tabulation  of  the  replies  from  twenty- 

eight  associations  as  to  how  they  disposed  of  the  surplus. 

&  Number  of 

Commodity  Sold.  Associations. 


23 

Butter  and  cottage  cheese . 

Sweet  cream . 

Buttermilk . 

Ice-cream .  2 

Condensed  skim .  2 

Skim  milk  to  producers .  ^ 

Milk  powder . 

Ice-cream  mix . 

The  most  economical  method  of  disposing  of  the  surplus  depends, 
of  course,  on  market  conditions  and  prices  and  the  cost  of  manufacture. 
The  market  for  cottage  cheese  is  limited  and  irregular  in  most  places 
but  where  there  is  a  good  market  for  it  the  manufacture  of  butter  and 
cottage  cheese  is  a  very  satisfactory  method  of  handling  the  surplus. 
The  sale  of  sweet  cream  is  very  profitable  where  there  is  a  good  mar- 

ket  for  it  and  the  price  is  favorable. 


TABLE  37 

Investments  in  Plant  and  Equipment  at  27  Producers'  Cooperative  Mile-distributino  Plants  Arranged  According 


METHODS  OF  VOTING 
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SYSTEMS  OF  PAYING  FOR  MILK 


Ten  associations  paid  a  flat  price  for  milk,  based  on  market  condi¬ 
tions,  while  at  fifteen  of  the  associations  the  price  paid  was  based 
entirely  on  the  profits  made  by  the  association;  i.e.,  the  price  was 
dependent  upon  the  operating  costs  for  the  current  month.  At  one  asso¬ 
ciation  a  flat  price  based  on  the  market  was  paid  for  milk  received  from 
non-members,  while  the  members  of  the  association  received  for  their 
milk  a  price  based  on  operating  costs.  This  price  was  usually  consid¬ 
erably  more  than  the  price  paid  to  non-members. 

The  logical  method  of  payment  for  a  cooperative  association  of  this 
type  is  to  have  the  price  based  on  the  operating  costs  for  the  current 
month.  With  this  method,  the  producer  gets  what  is  left  after  expenses 
and  reserves  are  deducted.  Some  associations  have  encountered  con 


siderable  difficulties  in  the  first  few  months,  because  the  plant  was 
started  with  the  idea  of  paying  a  flat  price  for  milk  and  under  condi¬ 
tions  where  there  was  considerable  competion  in  buying  milk.  Usually, 
cooperative  associations  find  the  first  few  months  of  operation  very 
trying  and  costly  until  the  plant  is  running  smoothly  and  the  business 
well  established.  During  the  first  few  weeks  of  operation,  they  often 
receive  a  large  quantity  of  milk,  which  cannot  be  sold  as  market  mil  , 
but  must  be  manufactured  into  by-products  and  disposed  of  at  a  lower 
price  If  the  producers  are  paid  market-milk  price  for  their  milk  under 
these  conditions,  the  plant  will  be  operating  at  a  loss,  and  the proposi¬ 
tion  will  be  very  discouraging.  The  organization  also  lose >  its  coop 
ative  feature  to  a  large  extent  where  milk  is  paid  for  on  flafaate i  ba .  . 

Basis  of  Payment.— Twenty-one  of  the  associations  reported  that 
the  milk  was  paid  for  by  weight,  while  at  six  of  the  plants  the  measure 
or  gallon  wXed^  "he  basis  of  payment.  Butter-fat  content  was 
taken  into  consideration  at  nineteen  of  the  plants  A  large proportion 


SINKING  OR  RESERVE  FUND 

Nearly  all  the  association ;  had  some  method^ 
each  month  to  take  care  o  ep  ^  ^  ^  wag  ^  Figurcs 

eight  associations  reporting  *  were  putting  aside,  on  the 

from  sixteen  associations  s  owe  _  Uons  of  milk  handled  daily, 

average,  $622.20  per  annum  or  ea  b  $1032.12  per  annum  per 

The  various  associations  system  was  to  set 

100  gallons  handled  daily.  J  f  th  associations  based  the 
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(1)  Depreciation: 

3  per  cent  on  plant  investment 
20  per  cent  on  plant  equipment  investment 
33  per  cent  on  delivery  equipment  investment 
10  per  cent  on  plant  equipment 
25  per  cent  on  automobiles 
10  per  cent  on  horse,  wagons  and  harness 

(2)  Milk  handled  or  business  done: 

|  cent  per  gallon  handled 
1  cent  per  gallon  handled 
1  cent  per  cwt.  handled 
6  per  cent  of  gross  sales 
\  cent  for  each  quart  of  retail  sales 

Too  much  emphasis  cannot  be  put  on  the  importance  of  setting  aside 
a  sum  each  month  to  take  care  of  depreciation,  buying  new  equipment, 
etc.  Some  associations  have  encountered  great  difficulties  because 
they  had  no  fund  to  fall  back  on;  and  cases  have  been  known  where  all 
the  available  funds  have  been  paid  out  for  new  equipment,  etc.,  so  that 
the  producers  had  to  wait  a  month  or  more  for  their  milk  checks.  If 
such  associations  had  paid  a  little  less  to  the  producers  each  month,  and 
at  the  same  time  set  aside  a  definite  sum  into  a  reserve  fund  each  month, 
there  would  not  have  been  this  shortage  of  funds. 


OTHER  ACTIVITIES  CARRIED  ON  BY  MILK  PRODUCERS’ 

ASSOCIATIONS 

Eleven  out  of  twenty-eight  of  the  associations  carried  on  other 
actmfes  besides  the  handling  of  milk.  The  following  is  a  tabulation 

Ol  TihORP  aPr.ivifiQc* 


Buy  feed  cooperatively . 

“  fertilizer  cooperatively . 

‘  ‘  coal  cooperatively . 

grass  seed  cooperatively . 

twine  cooperatively . 

t  (  groceries  and  meat  cooperatively 
dairy  supplies  cooperatively .... 

Handle  eggs  cooperatively . 


5 

4 

1 

1 

1 

1 

1 

1 


associations 
<  ( 

<  C 

<  < 

<  < 
i  < 

<  l 

<  l 
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SOME  ESSENTIALS  TO  THE  SUCCESS  OF  SMALL  MILK 
PRODUCERS’  COOPERATIVE  PLANTS 

It  should  be  remembered  that  producers’  milk  plants  of  the  type 
described  are  not  always  successful  and  that  it  is  not  always  advisable 
to  establish  such  plants,  many  factors  being  essential  to  their  success. 

In  the  first  place,  there  must  be  an  economic  need  for  such  a  plant; 
i.e.,  the  present  system  of  marketing  milk  must  be  unsatisfactory  and 
there  must  be  general  dissatisfaction  among  the  producers  as  to  prices 
and  marketing  conditions.  If  the  producers  are  satisfied  with  present 
conditions,  there  is  no  necessity  for  such  a  plant.  The  initiative  should 
come  from  the  producers  themselves  and  not  from  some  outside  pro¬ 
motor,  or  agitator. 

It  is  also  desirable  that  all  the  capital  be  raised  by  the  producers,  if 
possible,  and  that  all  the  members  be  bona  fide  milk  producers.  It  is 
sometimes  necessary  to  get  outside  capital,  but  when  this  is  done  it  is 
desirable  that  there  be  no  voting  privilege  except  for  the  producer- 
members  and  that  each  member  have  one  vote  only,  regardless  of  the 
shares  of  stock  held.  Proper  organization,  proper  financing  and  suf¬ 
ficient  available  capital  are,  of  course,  fundamental  necessities. 

Management. — Efficient  management  is  of  prime  importance.  The 
operation  of  a  modern  milk  business  is  a  complex  and  intricate  proposi¬ 
tion,  and  none  but  experienced  men  should  undertake  it.  A  capable 
board  of  directors  must,  of  course,  be  selected,  but  it  must  not  be  con¬ 
sidered  that  they  are  to  run  the  plant.  Instead,  a  technically  tiained 
and  experienced  man  should  be  hired  to  take  charge  of  the  business. 
This  man  should  be  engaged  as  soon  as  possible  after  it  is  decided  to 
establish  a  central  plant,  so  that  he  can  take  charge  of  the  construction 
and  equipping  of  the  plant  as  well  as  other  matters  connected  with  get¬ 
ting  started,  the  details  of  which  can  be  handled  much  better  by  him 
than  by  the  directors.  Some  associations  have  tried  to  economize  by 
hiring  a  second-class  man  at  a  little  less  salary,  or  a  member  of  the 
association  or  one  of  his  sons,  as  manager.  This  practice  usually  leads 
to  disaster.  The  management  of  a  milk  plant  is  a  specialized  under¬ 
taking,  and  only  a  trained  man,  with  experience,  should  be  selected 
If  such  a  man  is  given  the  opportunity,  the  results  will  soon  justify  the 
added  expense.  As  the  success  of  the  undertaking  depends  primarily  on 
the  management,  no  expense  should  be  spared  in  gettmg  a  lugh-class 

111  'spirit  of  Cooperation  Necessary.— Finally,  there  must  be  a  spirit  of 
cooperation  •  unfess  the  members  cooperate  under  all  conditions,  success 
is  doubtful.  ’  They  must  be  willing,  at  times,  to  sacrifice  their  own  inter- 
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ests,  if  necessary,  for  the  good  of  the  whole  organization.  At  certain 
times,  especially  while  the  business  is  getting  started,  they  may  have  to 
take  less  for  their  milk  than  they  could  get  elsewhere,  and  unless  they 
are  willing  to  take  losses  at  such  times  and  stay  with  the  association, 
success  will  be  doubtful.  There  usually  seems  to  be  a  better  spirit  of 
cooperation  among  small  groups  of  men  who  know  each  other  per¬ 
sonally,  and  it  often  happens  that  the  members  of  small  associations 
cooperate  better  than  do  those  of  large  ones. 

Survey  Should  be  Made. — It  is  important  that  a  careful  survey  be 
made  before  it  is  attempted  to  establish  a  cooperative  central  milk  plant, 
and  the  following  are  some  of  the  points  that  should  be  considered : 

(1)  Are  the  producers  now  satisfied  with  the  prices  received  and  the 
general  conditions  under  which  they  market  their  milk? 

(2)  Can  milk  be  delivered  to  the  consumer  from  a  producers’  central 
plant  more  economically  than  it  is  now  being  delivered? 

(3)  Is  the  consumer  able  at  all  times  to  get  an  ample  supply  of  milk 
of  good  quality,  and  is  the  existing  distributing  system  giving  satis¬ 
faction? 


(4)  Will  the  producers  be  able  to  spend  more  time  with  their  farm 
work  if  a  central  distributing  plant  is  established? 

(5)  Will  the  members  be  loyal  to  the  association  and  manifest  a 
spirit  of  cooperation? 

(6)  Can  sufficient  capital  be  raised  to  finance  the  proposition? 

(7)  Can  collecting  routes  be  established  to  bring  the  milk  from  the 
farms  to  the  plant  economically,  and  at  what  distances  from  the  citv 
and  from  each  other  are  the  farms  located? 

of  the  business?Pab^G  manager  **  S6CUred  “  6arly  date  to  take  charge 

(9)  Of  what  will  competition  consist,  and  will  the  producers  be  able 
“™P?,e  successfully  with  dealers  already  established? 

sunnlv  „n!T  *  S“fficient  suPP‘y  of  ™lk  be  secured  to  assure  a  regular 
supply,  and  what  proportion  of  the  total  supply  can  be  counted  on? 


RESULTS  OBTAINED  BY  CERTAIN  PRODUCERS’  PLANTS 

certaii!  successful  producer!'  Cooperative^  r  ‘If  !T  ^  0l"  a‘ 

vorable  conditions,  according  to  reports  thTt  h  P  “T S  Started  Under  fa' 
m  r  .•  8  reP°rts  that  have  been  received: 

ducers  and  dealers  C^prits and  ^  d‘Sputes  between  pro- 

tionof  delivery^routes  resuUinL  C°7Petition  and  unnecessary  duplica- 
ery  costs.  '  rcSUltmg  m  lar«e  >°ads  and  a  reduction  of  dcliv- 
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(3)  More  of  producers’  time  left  free  for  farm  work. 

(4)  A  uniform  and  better  product  available  at  all  times  to  the  con¬ 
sumer  in  sufficient  quantities. 

(5)  Better  prices  to  producers  without  increase  in  the  price  to  the 
consumer.  (This  will  not  necessarily  follow,  however,  in  all  cases,  and 
depends  entirely  on  the  local  conditions  and  on  the  management.) 

(6)  Increased  production  by  the  producers. 

(7)  Economical  disposal  of  surplus  milk. 


Many  of  the  plants  which  have  been  started  have  not  succeeded, 
the  cause  of  failure,  in  many  cases,  being  faulty  management.  Not 
only  must  a  manager,  to  be  successful,  have  the  qualifications  necessary 
for  efficiently  operating  a  milk  business,  but  he  must  also  be  able  to  keep 
the  farmers  together  and  satisfied  under  trying  conditions.  A  good 
manager  will  make  ever}r  possible  effort  to  keep  the  organization  together. 
The  farmers,  on  their  part,  should  not  expect  a  cooperative  milk- 
distributing  plant  to  be  put  on  a  paying  basis  immediately,  at  the  start. 

Other  causes  of  failure  by  the  manager  have  been  poor  judgment 
in  dealing  with  competitors  and  in  making  prices.  Although  the  making 
of  prices  may  be  left  to  the  Board  of  Directors,  the  advice  of  the  man¬ 
ager  is  essential.  He  must  know  what  his  cost  of  operating  the  business 
will  be,  to  be  able  to  decide  at  what  price  the  milk  can  be  sold  without 

loss  to  the  plant. 

Where  there  are  other  milk  dealers  in  the  town,  competition  will 
probably  be  of  considerable  importance,  and  it  cannot  be  expected 
that  the  business  will  grow  very  fast  at  first.  However,  after  the  plant 
is  firmly  established,  many  of  the  other  dairymen  often  join  the  associa¬ 
tion  and  in  this  way  producers’  organizations  often  get  a  good  portion  ot 


the  business.  ,  ,  , 

Table  38  gives  information  relative  to  several  producers  cooperative 

milk-marketing  organisations  of  the  small  local  distributing  type. 
This  information  was  collected  several  years  ago,  and  information  as 
the  present  status  of  these  associations  has  not  been  obtained 
(b)  The  Large  Association  of  the  Distributing  Type. 
producers’  organizations  that  have  organized  for  the  distribution  o 
mdk  to  the  consumer  have  been  of  the  small  or  local  type  previously 
described  There  are,  however,  a  few  distributing  associations  that 
operate  on  a  large  scale.  The  Cooperative  Pure  Milk  Association,  wh. 
operates  in  Cincinnati,  Ohio,  is  probably  the  largest  association  of ^ 
type  whose  chief  function  ^istnb"o  £ teonsume^ 

B0Ttb  of  these  associations  were  formerly 


RESULTS  OBTAINED  BY  CERTAIN  PRODUCERS’  PLANTS  189 


TABLE  38 

A  List  of  Some  of  the  Producers’  Cooperative  Associations  which  Distribute 
Milk,  with  Some  of  the  Salient  Features  as  to  Organization,  etc.* 


Name  and  Address  of 
Association  or  Company. 

Amount 

of 

Capital¬ 

ization. 

Year 

of 

Organi¬ 

zation. 

Ownership 

of 

Stock. 

Estimated 
Value 
Physical 
Assets  in 
1919. 

Average 

Daily 

Quanti¬ 

ties. 

Gallons. 

Number 

of 

Sales 

Routes. 

Dubois  Dairymen’s  Cooperative 
Ass’n,  DuBois,  Pa. 

$5,000 

1917 

Producers 
and  dealers 

$  10,000 

500 

5 

Cooperative  Dairy  Co.,  Sedalia, 
Mo. 

25,000 

1919 

Producers 
and  others 

20,000 

300 

3 

Streator  Dairy  Co.,  Streator,  Ill. 

10,000 

1916 

Producers 
and  dealers 

16,000 

200 

3 

New  Tri-State  Sanitary  Milk  Co., 
Cumberland,  Md. 

45,000 

1918 

Producers 
and  others 

40,000 

1000 

7 

Dairymen’s  Milk  Co.,  Kalamazoo, 
Mich. 

2,000 

1906 

Producers 

20,000 

750 

10 

Grand  Rapids  Dairy  Co.,  Grand 
Rapids,  Mich. 

200,000 

1916 

Producers 
and  others 

100,000 

3000 

34 

Westfield  Milk  Exchange,  West- 
field,  Mass. 

30,000 

1920 

Producers 
and  others 

25,000 

1000 

3 

Easthampton  Milk  Exch.,  East- 
hampton,  Mass. 

25,000 

1919 

Producers 
and  others 

25,000 

1000 

6 

Producers’  Dairy  Co.,  Brockton, 
Mass. 

150,000 

1919 

Producers 
and  others 

100,000 

2000 

24 

Newport  Cooperative  Dairy  Co., 
Newport,  R.  I. 

100,000 

1918 

Producers 
and  others 

65,000 

3000 

20 

Farmers’  Cooperative  Dairy  Co., 
Bridgeport,  Conn. 

100,000 

1918 

Producers 
and  others 

80,000 

4000 

10 

Milk  Producers’  Union,  Indianap¬ 
olis,  Ind. 

18,000 

1917 

Producers 

20,000 

1500 

20 

Pittsfield  Milk  Exch.,  Pittsfield, 
Mass. 

150,000 

1920 

Producers 
and  others 

32,000 

2500 

Erie  County  Milk  Ass’n,  Erie,  Pa. 

30,000 

1899 

Producers 
md  dealers 

150,000 

3300 

29 

Midwest  Milk  Producers’  Cooper¬ 
ative  Ass’n.,  Omaha,  Nebr. 

50,000 

1919 

Producers 

40,000 

4000 

Adapted  from  Circular  No  1  y-,  .  ~  — 

•  of  Agriculture.  ’  8  airy  Products,"  Bureau  of  Markets,  U.  S 
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of  the  bargaining  type  only.  They  have  gone  into  the  distributing 
field  comparatively  recently  and  are  competing  directly  with  the  estab¬ 
lished  milk  distributors  with  whom  they  formerly  dealt  as  bargaining 
organizations. 

The  Dairymen’s  League  Cooperative  Association  of  New  York, 
though  functioning  primarily  as  a  bargaining  and  as  a  wholesaling  asso¬ 
ciation,  has  gone  into  the  distributing  field  on  a  comparatively  small 
scale.  This  association  has  purchased  the  handling  facilities  and  busi¬ 
nesses  of  a  few  former  milk  distributors  in  New  York  and  surrounding 
cities  and  competes  with  the  established  distributors  in  the  distribution 
of  milk.  Although  the  business  done  by  the  association  in  this  field  is  of 
considerable  volume,  it  is  very  small  when  compared  with  the  total 
milk  this  association  handles  as  a  purely  wholesaling  and  bargaining 
association,  and  its  distributing  business  is  of  comparatively  minor 
importance. 
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CHAPTER  XIV 


THE  TRANSPORTATION  OF  MILK 


After  the  milk  is  produced  on  the  farm,  it  must  be  collected  or 
assembled  in  the  country  and  transported  to  the  city.  Milk  is  trans¬ 
ported  from  the  producer's  farm  to  the  dealer  in  the  city,  either  by 
direct  shipment  or  through  country  receiving  stations  which  are  often 
built  beside  the  railroad  tracks.  Where  milk  is  sent  by  direct  shipment, 
it  may  go  by  wagon,  truck,  or  steam  or  electric  railroad.  When  the 
milk  is  sent  through  country  receiving  stations,  it  is  usually  brought  to 
the  receiving  station  by  wagon  or  truck,  by  the  producers  or  by  paid 
haulers,  and  shipped  to  the  city  by  steam  road.  In  some  sections, 
however,  where  there  are  good  concrete  roads  and  the  stations  are  located 


comparatively  near  the  city,  the  milk  is  trucked  from  the  station 

dolthe  trucktaT  Th  ^  Wh°  haS  charge  of  the  station  al 

handled  ^  ^  'S  Pa‘d  S°  much  Per  hundred  poun 

city  th e  m  Ik  dea  e  or  ml,  "  **“  C°Unt^  “  to  t 

railroad  company  ’ He  arran«emen^  with  t 

pany.  He  must  have  the  train  arrive  at  a  definite  tir 
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each  day  and  he  must  have  the  milk  ready  when  the  train  arrives. 
Later  in  the  day  the  train  will  make  the  return  trip  with  the  empty 
cans.  Where  this  system  of  transportation  is  used  the  dealer  will  have 
milk  arriving  from  different  stations  at  different  times.  Such  ship¬ 
ments  are  often  by  C  L  lots,  but  they  may  be  L  C  L,  as  in  the  case 
of  direct  shipments,  and  the  milk  for  various  dealers  may  be  received 
on  the  same  car.  In  that  case  it  must  be  reassembled  at  the  city 
terminal. 

Where  milk  is  shipped  by  train,  refrigerator  cars  are  generally  used 
and  in  most  cases  the  freight  charged  by  the  railroad  company  for  L  C  L 
shipments  includes  icing  in  summer  and  heat  in  winter  when  necessary, 
although  in  most  C  L  shipments  the  shipper  (milk  dealer)  will  see  that 
the  milk  is  properly  iced.  For  short  distances  the  milk  car  may  be 
attached  to  a  regular  passenger  train  and  “  pick  up  ”  milk  from  several 
stations  on  the  way  to  the  city,  but  for  long  distances  the  milk  cars 
are  made  up  into  regular  milk  trains  with  fast  express  service  to  the  city. 


TRANSPORTATION  OF  MILK  BY  STEAM  RAILROAD 

It  is  claimed  (18)  that  the  first  milk  to  be  transported  by  railroad  in 
the  United  States  was  a  shipment  made  into  Boston,  Mass.,  over  the 
old  Boston  and  Worcester  railroad  in  1838  and  that  the  first  milk  car 
was  run  soon  after  between  Westboro  and  Boston.  In  1843  (18)  the 
“  New  England  Farmer  ”  stated  that  a  single  dealer  brought  to  Boston 
over  the  Worcester  railroad  200,000  gallons  of  milk  a  year.  This  was 
about  10  per  cent  of  the  city’s  entire  supply  at  that  time.  Prior  to 
1870  all  the  milk  consumed  in  Boston  came  from  a  distance  of  not  more 
than  65  miles.  (7)  By  1890  the  Boston  and  Maine  was  bringing  milk 
from  a  distance  of  150  miles  and  in  1910  a  distance  of  275  miles.  At 
the  present  time  milk  is  received  in  Boston  from  distances  of  over 
miles  and  cream  is  often  received  from  Middle  West  points  about  10 

milprforttot1842  practically  all  milk  consumed  in  New  York  City  was 
brought  in  by  wagon,  and  the  first  shipment  was  made  by  rail  in  1842.  (7) 
By  1910  milk  was  shipped  into  New  York  by  rail  iron,  stance ,  of , over 

300  miles,  and  at  the  present  time  shipments  are  made  from  nearly  O 
miles  distant.  In  May,  1930,  there  were  shipped  into  New  \ork  City 
30  290  710  gallons  of  milk  over  10  railroads.  (13) 

3  ’Prior  to  1870  Philadelphia  was  receiving  its  milk  from  an  area 
within  a  radius  of  50  miles  of  the  city  and  the  greater  part  of  th  was 
received  by  railroad.  (7)  In  1923,  55,273,056  gallons  or  78.5  per 
of  the  total  supply  was  received  by  railroad.  (5) 
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According  to  Parker  (1)  the  percentage  of  milk  received  by  railroad 
in  1916  was  as  follows  for  various  cities: 1 


75  per  cent 
65  “  “ 

60  “  “ 


New  York. . 
Chicago 

Boston . 

Philadelphia 
Baltimore.  . 
Cincinnati. . 


98 

per 

cent 

95 

i  t 

i  ( 

90 

1 1 

i  l 

83 

<  ( 

i  l 

75 

c  < 

i  ( 

75 

( ( 

i  i 

St.  Louis ... 
New  Orleans 
Milwaukee 
San  Francisco 
Cleveland 
Washington . . 


60 

(  i 

L  ( 

55 

(  C 

(  ( 

50 

l  c 

(  ( 

Detroit  received  41.8  per  cent  by  steam  railroad  (6)  in  1915.  For 
some  of  these  cities  the  percentages  received  by  steam  railroad  in  1923- 
1924  were  as  follows,  based  on  data  of  the  Bureau  of  Public  Roads:  (5) 


Baltimore . 

, . .  55.0 

per 

cent 

Philadelphia .  .  .  , 

. . .  78.5 

(  ( 

(  i 

Detroit . 

...  2.1 

l  ( 

i  ( 

Milwaukee . 

. .  0.5 

i  l 

i  ( 

*  87.5  per  cent  by  motor  truck. 


At  the  present  time  the  percentages  received  by  railroad  are  consid¬ 
erably  less  for  many  of  these  localities  because  of  the  increased  use  of 
motor  trucks.  Philadelphia,  for  example,  now  receives  over  50  per 
cent  of  its  milk  supply  by  truck,  and  Chicago  receives  about  60  per  cent 
by  truck.  Boston,  however,  still  receives  over  90  per  cent  of  its  supply 
by  rail,  and  New  York  City  receives  approximately  97  per  cent  by  rail. 

The  receipts  of  milk  and  cream  in  New  York,  Boston,  and  Philadel¬ 
phia  for  June,  1930,  are  shown  in  Table  39. 


TABLE  39 

Receipts  of  Milk  and  Cream  in  New  York,  Boston,  and  Philadelphia  for 

June,  1930.  (14) 


Milk.  40-quart  Units. 


Cream.  40-quart  Units. 


City. 

By  Rail. 

By  Truck. 

Total. 

Per 

Cent 

by 

Rail. 

By 

Rail. 

By 

Truck. 

New  York. . 

Boston . 

Philadelphia 

3,029,071*  (13) 
500,105 
273,823 

93,000*  (13) 
39,192 
343,213 

3,122.071*  (13) 
539,297 
617,036 

97.2 

92.7 

44.4 

209,868 

63,766 

40,578 

Q 

•  •  •  « 

871 

*  For  May,  1930. 


Per 

Total. 

Cent 

by 

Rail. 

09,868 

100 

63,766 

100 

41,449 

97.9 

Company!  ******  *  ^  MUk  Supply’  by  permission  of  the  McGraw-Hill  Book 
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The  method  of  transporting  Chicago’s  milk  supply  (16)  in  April,  1928, 
is  indicated  in  Table  40. 


TABLE  40 


Manner  of  Transporting  Chicago’s  Milk  Supply,  April 

1,  1928.  (16) 

Method. 

Percentage  of 
Total  Supply. 

T'nnk  pars  . 

55.5 

20.0 

TW  triiplr  fin  parish  . 

17.0 

7.5 

100.0 

At  the  present  time  (1930),  according  to  the  records  of  the  Chicago 
Health  Department,  the  Chicago  supply  is  transported  as  indicated  in 

Table  41. 

TABLE  41 


Manner  of  Transporting  Chicago’s  Milk  Supply,  August  1,  1930.  (8) 


Method. 

Percentage  of 
Total  Supply. 

38.5 

40.0 

T&nk  trucks .  . . 

21.3 

By  truck  (in  cans) . 

0.2 

By  rail  (in  cans  and  in  bottles,) . 

100.0 

In  November,  1927,  a  typical  month,  there  were  shipped  into  Boston 
Mass  over  3  railroads  and  originating  in  8  states  and  Canada,  15,673,808 

transportation  Of  rnim 

amounts  are  shipped  for  cobble  ■ dis tanc ^  the  reta gemtor^r^ 

«  "hive  roe  buyers  in  the  end. 
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Where  bunkers  are  not  used  the  milk  is  kept  cold  in  transit  by  throwing 
ice  on  top  of  the  cans.  Sometimes  this  is  done  also  when  cars  are  pro¬ 
vided  with  bunkers. 

The  milk  cars  that  were  formerly  used  in  New  England  were  differ¬ 
ent  from  the  ordinary  milk  car,  and  8^-quart  cans  were  used  almost 
entirely  for  shipping  milk.  These  cars  were  48  feet  long  inside  measure¬ 
ment  and  8§  feet  wide.  In  the  center  of  the  car  was  an  office  for  the 
caretaker.  This  had  dimensions  of  8|  feet  by  9  feet;  in  it  was  a  chair 
for  the  caretaker,  a  stove,  and  a  desk  which  could  be  used  for  keeping 
records.  The  office  had  two  windows  on  each  side  and  at  each  end  was 
a  door  leading  to  the  two  ends  of  the  car  which  contained  the  milk. 
In  each  end  of  the  car  there  were  4  closets,  making  8  in  all.  These  were 
feet  by  4  feet,  with  two  or  three  shelves,  thus  accommodating  3  or  4 
tiers  of  cans.  Each  tier  held  thirty  8^-quart  cans,  so  that  each  closet 
had  a  capacity  of  90  or  120  cans  and  the  whole  car  had  a  closet  capacity 
of  720  or  840  8^-quart  cans.  There  were  two  doors  opening  to  the 
space  in  each  end  of  the  car  for  receiving  the  cans,  storing  and  breaking 
ice,  and  handling  the  cans.  A  considerable  portion  of  the  milk  shipped 
in  these  cars  would  be  “  picked  up  ”  at  way  stations;  the  care¬ 
taker  would  receive  it  at  the  side  doors  and  as  soon  as  possible  place  it 
in  the  closets.  He  would  then  throw  cracked  ice  over  the  cans.  As  soon 
as  a  closet  was  filled  and  the  milk  iced,  the  doors  were  closed  and  kept 
closed  until  arrival  in  Boston.  Some  cans  of  milk  were  placed  on  the 

floor  space  of  the  car  after  the  closets  were  filled.  A  full  carload  was 
from  960  to  1000  cans. 

,„This‘yPe  of  car  has  now  practically  gone  out  of  use  and  most  of  the 
milk  in  New  England  is  now  transported  in  10-gallon  cans,  as  is  done  in 
other  sections  of  the  country. 

Th<>  I0!10™8  is  a  brief  description  of  one  type  of  refrigerator  car 
now  used  for  transporting  milk  in  New  England: 

Inside  dimensions:  Length,  40  feet,  5|  inches 
Width,  8  feet,  4  inches 
Height,  7  feet,  7  inches 

E^™:ttTb"bf8fifherr?  Trd  and  2  inch- h- **• 

These  bunkers  are  filled  from  the  roof  “  a  ,“P“ity  of  307  cubic  *«*• 

for  air  circulation  to  insure  uniform  melting"!*  S  Ventdat0ra  are  provided 
he  temperature  in  the  car  is  maintained  at  about  40°  F. 

if  th?4eo-Cqutrt  canl  Ire  d'eeked^bov^tTT  T  °r  231  4°'qUart  cansi 
The  weight-carrying  capacity  is  69,000  pounT  0^^^^ 
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has  261  cars  of  this  type.  The  longest  haul  made  is  284  miles;  the 
shortest  116  miles.  This  same  railroad  company  also  uses  in  its  milk 
service  to  Boston  and  other  New  England  cities  83  so-called  passenger 
milk  cars.  These  are  constructed  similar  to  the  other  type  except  there 
are  no  ice  bunkers  and  the  milk  is  kept  cold  by  throwing  ice  over  the 
cans.  These  cars  have  a  floor  capacity  of  252  10-gallon  cans;  if  the 
cans  are  decked,  more  can  be  carried.  They  have  a  capacity  of  1600 
8^-quart  cans,  but  this  type  of  can  is  now  little  used  for  shipping  milk 
to  Boston.  The  inside  dimension  of  this  car  are  50  feet,  4§  inches  long; 
8  feet,  11|  inches  wide;  and  7  feet  high.  The  longest  haul  made  by 
this  type  of  car  by  this  railroad  company  is  391  miles  and  the  shortest 

haul  is  67  miles. 

One  railroad  company  transporting  milk  into  New  York  City  has 
381  milk  cars,  of  which  the  following  is  a  brief  description  of  the  latest 

type: 

Length  (inside),  49  feet,  2\  inches 
Width,  9  feet,  f  inch 


Insulation  hair  felt,  quilt  and  canvas— top  and  sides. 

Refrigeration  by  ice  placed  on  top  of  the  cans,  no  bunkers  being  provided. 

Capacity,  70,000  pounds.  .  ,  ,  ,  , 

Will  hold  383  40-quart  cans  on  floor  and  620  when  they  are  double  decked. 

The  longest  haul  is  435  miles  and  the  shortest  38  miles. 

Tank  cars  used  in  transporting  milk  are  described  elsewhere. 

At  stations  where  large  quantities  of  milk— enough  to  fill  a  car  are 
shinned  cars  are  set  off  the  day  before;  they  are  filled  by  the  employees 
rffhe  country  station  during  the  day  and  “  picked  up  ”  when  the  tram 
comes  along  usually  in  the  morning.  In  some  cases  a  car  will  be  rt 
off  at  a  plant  which  does  not  supply  a  full  carload,  and  enough  to  fill 
it  will  beP  trucked  from  another  plant.  In  other  cases  the  milk  train 
will  “  nick  up  ”  milk  along  the  route,  the  railroad  employees  loading 
The  milTintTthe  car,  sometimes  with  the  help  of  producers  or  station 

°m  According  to  Erdman  (4)  25  per  cent  of  the  New  York  mflk  supply 
in  1916  originated  at  points  where  entire  car  lots  were  slnpp  d 
™  in  1916  twentv-one  trains  composed  of  from  8  to  25  cars, 

“ntang  from  49  to  295  miles  without  a  stop  except  for  orders,  etc, 

were  serving  New  York  City.  f  a  few 

In  different  sections  of  the  country  milk *  on ^tte  roa^  ^  ^ 

rxr  tismz : 
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Fig.  41.— Relative  efficiency  of  4  types  of  cans  in  shipment  of  milk  from  Washington, 
D.  C.,  to  New  Orleans,  La.  Milk  cooled  to  44°  F.  and  hauled  13  miles  in 
open  truck  to  station.  (11) 
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TRANSPORTATION  OF  MILK  AT  LOW  TEMPERATURES 

To  determine  the  relative  efficiency  of  ordinary  milk  cans  compared 
with  jacketed  and  insulated  cans  in  keeping  milk  cold  during  long  ship¬ 
ments,  some  interesting  tests  were  made  by  Gamble  and  Bowen.  (11) 
Three  experiments  were  tried:  (a)  a  shipment  of  milk  from  Washington 
to  New  Orleans,  (6)  a  shipment  of  milk  from  New  Orleans  to  Washing¬ 
ton,  and  (c)  a  shipment  from  Chicago  to  Washington.  The  results  of 
these  tests  are  shown  in  Figs.  41,  42  and  43. 


LOSSES  OF  MILK  IN  TRANSPORTATION 

A  study  of  the  losses  of  milk  during  Importation 
Md.,  was  made  by  one  of  the  authors  in  Augus  , 
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shipments,  consisting  of  1102  cans  of  milk,  were  followed  on  the  entire 
route,  and  the  results  are  shown  in  the  following  table: 


TABLE  42 

Losses  of  Milk  during  Transportation 


Gallons. 

Per  Cent. 

Difference  between  producer’s  manifest  and  amount  actually 

shipped . 

76.54 

1.21 

Total  loss  between  amount  actually  shipped  and  amount 

received  at  plant . 

43.14 

0.69 

Difference  between  amount  credited  at  weigh  can  at  city  plant 

and  amount  actually  shipped . 

159.74 

2.56 

Difference  between  amount  credited  at  weigh  can  and  amount 

manifested  by  producer . 

236.28 

3.79 

It  is  thus  seen  that  not  only  did  the  producer  claim,  on  his  manifest, 
greater  quantity  than  he  actually  shipped,  but  considerable  milk  was 
lost  in  the  transit  of  the  milk  from  the  country  to  the  city.  Many  of 

the  cans  used  were  old  and  battered,  and  in  many  cases  the  lids  fitted 
loosely  or  actually  leaked. 


FREIGHT  RATES  AND  SERVICE 

Previous  to  about  1916  there  was  considerable  blanketing  of  milk 
reight  charges;  i.e.,  for  distances  over  a  certain  number  of  miles  the 
rate  was  the  same.  Now,  however,  practically  all  milk  rates  are  con¬ 
structed  on  the  distance  principle.  The  rates  will  also  vary  according 
to  the  service  rendered.  y  uramg 

In  1905  the  rates  to  New  York  City  were  as  follows: 


Distance. 

Up  to  40  miles. . . . 
40  to  100  miles. . . 
100  to  200  miles... 
200  miles  and  over 


Cents  per 
40-quart  Can. 
23 
26 
29 
32 


^^MO^ea^aSThe^t  ratedlSta~  divided  into  40 

shipments  from  23.5  cents  in  the  "lO  rWl'™  ***  4°'quart  can  for  L  C  L 
to  400-mile  zone.  °"I!lle  ZOne  to  59  5  cento  in  the  391 
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As  a  general  rule  all  cars  which  receive  portions  of  their  load  at  dif¬ 
ferent  stations  take  a  L  C  L  rate  to  destination.  The  Maine  Central,  (9) 
however,  publishes  a  tariff  for  concentrated  shipments  which  amounts 
to  L  C  L  rates  to  concentration  points  and  C  L  rates  from  those  points 
to  destination.  On  other  lines  in  New  England  all  cars  “  picking  up  ” 
milk  at  more  than  one  station  take  a  LCL  rate  even  though  moved 
through  one  or  more  junction  points  and  over  more  than  one  railroad. 
In  the  report  of  the  Interstate  Commerce  Commission  in  the  New  Eng¬ 
land  Milk  Case  (10)  (1916)  a  witness  for  the  railroads  summarized  the 
special  features  connected  with  the  transportation  of  milk  in  New 
England,  besides  the  return  of  the  empty  cans,  as  follows: 

“  (i)  Expedited  service  in  passenger  trains  and  preferred  attention 
in  fast  freight  trains. 

“  (2)  Special  equipment  costing  more  than  ordinary  freight  cars,  as 

well  as  being  more  expensive  to  maintain. 

“  (3)  Special  handling  in  setting  cars  at  plants  in  the  Boston  terminal 

“  (4)  Transportation  without  charge  of  ice  for  refrigeration. 

“  (5)  Free  transportation  of  caretakers. 

“  (6)  Expensive  pick  up  and  delivery  service  at  various  points. 


Previous  to  this  time  rates  on  cream  in  New  England  were  the  same 
as  the  rates  on  milk,  and  it  was  urged  by  the  dealers  that  there  should 
be  no  difference.  They  said  that  both  commodities  move  in  the  same 
kind  of  containers,  in  the  same  cars,  and  in  the  same  trains,  and  are 
alike  susceptible  to  deterioration  in  transit  in  the  event  of  improper 
handling.  In  the  report  of  this  case,  however,  the  Commission  said  that, 
it  had  been  shown  that  loss  and  damage  claims  had  been  negligible  for 
each,  and  that  cream  was  valued  at  about  $17.10  per  can  whereas  4  per 
cent  milk  was  valued  at  $2.46.  They  said  that,  although  milk  and 
cream  were  analogous  commodities,  they  were  distinct  in  character 
The  volume  of  the  movement  of  cream  was  very  much  less  than  that 
on  milk  Cream  may  be  classed  among  higher  grade  commodities  of 
greater  value  and  can  fairly  bear  higher  rates  tlmn ^mdk  and  higher 
rates  were  charged  by  railroads  transporting  to  New  \ork  City  ,  i 
Iheir  Tdsion  the  Commission  ruled  that  the  rates  on  cream  in  L  C  L 
sSments  should  not  exceed  by  more  than  25  per  cent  the  rates  which 

^r^fSht'rates  now  depend  on  the  distance  the  milk  is 
— £  '  M  ^  nts  =  two.  more  -  s  amsu  b.ect  to 

IwTow  Trates  for  milk  and  cream  shipped  to  New  York  City  and 
Boston,  Mass. 
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TABLE  43 

Rail  Rates  per  40-quart  Can  on  Milk  and  Cream  in  the  New  York  Territory* 

(Rates  for  zones  1  to  12  are  from  schedules  of  rates  prescribed  by  the  New  York  Public  Service 
Commission.  Rates  for  zones  13  to  40  are  from  Interstate  Commerce  Commission  Tariff  Schedule 
No.  882.) 


Zone 

Dis¬ 

tance, 

Miles. 

Less-than-car- 
lot  Shipments. 

Car-lot 

Shipments. 

Zone 

Dis¬ 

tance, 

Miles. 

Less-than-car- 
lot  Shipments. 

Car-lot 

Shipments. 

Milk. 

Cents. 

Cream 

Cents. 

Milk. 

Cents. 

Cream. 

Cents. 

Milk. 

Cents. 

Cream 

Cents. 

Milk. 

Cents. 

Cream. 

Cents. 

1 

1-  10 

23.5 

29.5 

20.5 

26.0 

21 

201-210 

45.5 

57.0 

40.0 

50.0 

2 

11-  20 

24.5 

31.0 

21.5 

27.0 

22 

211-220 

47.0 

58.0 

41.0 

51.0 

3 

21-  30 

26.5 

33.0 

23.0 

29.0 

23 

221-230 

47.5 

59.0 

41.5 

51.5 

4 

31-  40 

27.5 

35.0 

24.5 

30.5 

24 

231-240 

48.0 

60.0 

42.0 

53.0 

5 

41-  50 

29.5 

36.5 

26.0 

31.0 

25 

241-250 

48.5 

61.0 

42.5 

53.5 

6 

51-  60 

30.5 

38.5 

27.0 

33.5 

26 

251-260 

50.0 

62.0 

43.0 

54.0 

7 

61-  70 

32.0 

39.5 

27.5 

35.0 

27 

261-270 

50-5 

63-0 

44.0 

55.0 

8 

71-  SO 

33.0 

41.5 

29.0 

36.0 

28 

271-280 

51.0 

63.5 

44.5 

56.0 

9 

81-  90 

34.0 

42.5 

30.0 

37.0 

29 

281-290 

51.5 

65.0 

45.0 

56.5 

10 

91-100 

35.5 

44.0 

30.5 

38.5 

30 

291-300 

53.0 

65.5 

46.0 

57.5 

11 

101-110 

36.0 

45.0 

32.0 

39.5 

31 

301-310 

53.5 

66.5 

47.0 

58.0 

12 

111-120 

37.0 

47.0 

32.5 

41.0 

32 

311-320 

54.0 

68.0 

47.5 

59  0 

13 

121-130 

38.5 

48.0 

33.5 

42.0 

33 

321-330 

54.5 

68.5 

48.0 

60  0 

14 

131-140 

39.5 

49.0 

34.0 

43.0 

34 

331-340 

56.0 

69.5 

48.5 

60  5 

15 

141-150 

40-0 

50.5 

35.5 

44.0 

35 

341-350 

56.5 

70.0 

49  0 

62  0 

16 

151-160 

41.5 

51.5 

36.0 

45.0 

36 

351-360 

57.0 

71.0 

50  0 

62  5 

17 

161-170 

42.0 

53.0 

36.5 

46.0 

37 

361-370 

57.5 

72.0 

50  5 

63  0 

18 

171-180 

43.0 

53.5 

38.0 

47.0 

38 

371-380 

58.0 

72.5 

51  0 

63  5 

19 

181-190 

44.0 

54.5 

38.5 

48.0 

39 

381.390 

59.0 

74  0 

51  5 

64  0 

20 

191-200 

45.0 

56.0 

39.0 

48.5 

40 

391-400 

59.5 

74.5 

52.0 

65.0 

.  ,  ,  "  - passenger,  or  mixed  r 

iced  when  necessary,  to  Melrose  Junction,  or  130th  Street,  New  York. 


Car-lot  Freight  Rates  on  Cream,  Fast  Passenoer  Service,  from  Mid-Western 

Points  to  Boston,  1926  f  (3) 

- _ (Data  obtained  from  freight  department,  Boston  &  Albany  R.R.) 


Shipping  Point. 


Kansas,  Hutchinson. 

Iowa,  Waterloo . 

Minnesota: 

Watertown . 

Minneapolis . 

Northfield . 

St.  Paul. .  .  . 


t  Via  lines  west  of  Chicago,  Michigan  Central 


Rail  Miles 
to  Boston, 
Miles 

Rate  per 
40-quart 
Can, 
Dollars. 

Shipping  Point. 

Rail  Miles 
to  Boston, 
Miles. 

Rate  per 
40-quart 
Can, 
Dollars. 

1715 

1321 

2.28* 

2.08* 

Wisconsin: 

Rice  Lake 

141  * 

2. 16* 
1.98* 

1176 

Reedsburg 

1  99ft 

2.27* 

Ripon. . . 

1467 

2.21* 

Lodi .  . 

14  10 

1.97* 

1458 

1456 

2.18* 

Milwaukee. 

1191 

1 .95} 
1.85 
1.44* 
1.27 

2.19* 

Illinois,  Chicago 

1046 

861 

Michigan,  Homer 

New  York  Central,  and  Boston  &  Albany  R.R.-8. 
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TABLE  44 

Schedule  of  Rail  Rates  *  on  Milk  and  Cream,  New  England  Territory 

(Source:  Interstate  Commerce  Commission  Tariff  Schedule  No.  4834.) 


Zone. 

Dis¬ 

tance. 

Miles. 

Less  than  Carload  Shipments. 

Car-lot  SI 

Per  40-quart 
Can.f 

Per  12-quart 
Case.t 

Per  40-quart 
Can.  § 

Milk. 

Cents. 

Cream. 

Cents. 

Milk. 

Cents. 

Cream. 

Cents 

Milk. 

Cents. 

Cream. 

Cents. 

1 

1-  20 

21.0 

26.5 

12.0 

15.0 

18.5 

23.0 

2 

21-  40 

25.0 

31.5 

15.0 

19.0 

22.0 

27.5 

3 

41-  60 

29.0 

36.5 

17.5 

22.0 

25.5 

32.0 

4 

61-  80 

32.5 

40.5 

19.0 

23.5 

28.5 

35.5 

5 

81-100 

35.5 

44.5 

19.0 

23.5 

31.0 

39.0 

6 

101-120 

37.0 

47.0 

19.0 

23.5 

32.5 

41.0 

7 

121-140 

39.5 

49.0 

20.5 

26.0 

34.0 

43.0 

8 

141-160 

41.5 

51.5 

21.5 

27.0 

36.0 

45.0 

9 

161-180 

43.0 

54.0 

23.0 

29.0 

38.0 

47.0 

10 

181-200 

45.0 

56.0 

24.0 

30.0 

39.0 

49.0 

11 

201-220 

47.0 

58.0 

25. f 

31.0 

41.0 

51.0 

12 

221-240 

48.0 

60.0 

26.0 

32.5 

42.0 

53.0 

13 

241-260 

50.0 

62.0 

27.0 

33.5 

43.0 

54.0 

14 

261-280 

51.0 

63.5 

27.5 

35.0 

45.0 

56.0 

15 

281-300 

53.0 

66.0 

29.0 

36.0 

46.0 

57.5 

16 

301-320 

54.0 

68.0 

29.5 

37.0 

47.5 

59.5 

17 

321-340 

56.0 

69.5 

30.5 

38.0 

48.5 

60.5 

18 

341-360 

57.0 

71.0 

31.0 

39.0 

50.0 

62.5 

19 

361-380 

58.0 

72.5 

32.5 

40.0 

51.0 

63 . 5 

20 

381-400 

59.5 

74.5 

33.0 

41.0 

52.0 

65.0 

Per  12-quart 
Case.  1 1 


9.0 

11.5 

13.5 
15.0 
15.0 
15.0 
17.0 

17.5 

18.5 

20.0 

20.5 

21.5 
22.0 
23.0 
24.0 

24.5 
25.0 

26.5 
27.0 

27.5 


Tank  car  per 
Quart.  U 


Cream.  Milk. 
Cents.  Cents 


11.5 

14.5 
17.0 
19.0 
19.0 
19.0 

20.5 

22.0 

23.5 

24.5 
26.0 
27.0 

27.5 
29.0 

29.5 

30.5 
32.0 

32.5 

33.5 
34.0 


0.43 

.53 

.62 

.70 

.77 

.79 

.84 

.88 

.92 

.96 

1.01 

1.02 

1.07 

1.09 

1.13 

1.16 

1.20 

1.22 

1.24 

1.27 


Cream. 

Cents. 


0.54 

.66 

.78 

.88 

.96 

.99 

1.05 

1.10 

1.15 

1.20 

1.26 

1.28 

1.34 

1.36 

1.41 

1.45 

1.50 

1.53 

1.55 

1.59 


^  inflective  June  A ^ M 

in  or  *****  «  <i»ed  in  .= 

SSES? o°r£  LZ  L  p»oMe,  train,  between  point,  where  mi.k  or  retriper.to, 

°;,rh“n1orT.Slhfp„.»ta  in  mi, it  or  retrip.r.tor  earn,  on  milk,  pa^er.  or  mired 

passenger  and  freight  trains;  ice  furnished  by  °*jPPc^  on  miik>  passenger,  or  mixed 

||  Rates  for  carload  shipments  in  bottles,  in  milk  or  reinger 

passenger  and  freight  trains,  ice  furnished  by  8  I'PPer.  ^  pa88enger,  or  mixed  passenger 

5  Rates  per  quart  for  carload  shipments  •’  f  tank  but  not  less  than  8925  quarts; 

and  freight  trains;  the  minimum  to  be  the  carrying  capacity  of  tank, 
ice  furnished  by  shipper. 
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HAULING  MILK 

Where  milk  is  shipped  to  the  city  by  steam  road,  it  must  be  collected 
from  the  farmers  and  brought  to  the  railroad  shipping  stations,  in  the 
case  of  direct  shipments;  and  to  the  country  plant  where  it  is  handled 


through  country  receiving  and  cooling  stations.  Usually  one  producer 
will  bring  in  the  milk  of  several  of  his  neighbors,  besides  his  own-  and 
m  many  cases,  hired  haulers,  who  make  a  business  of  hauling  milk, 


fra.  45— Receiving  milk  by  railroad. 


country  plant,  the  deate^thtmSves  th°  milk  goos  through  a 

routes” in  °rder  to  **  * 
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amount  paid  by  the  producers  for  hauling  (usually  so  much  per  can  or 
per  gallon),  the  dealers  sometimes  pay  the  route  men  a  bonus  of  from 
$2.00  to  $5.00  per  trip. 


Cost  of  Hauling. — Table  45  shows  a  summary  for  204  individual 
producers  of  costs  of  hauling  to  country  receiving  stations  in  New  \ 

StatIn  Table  46  are  shown  the  rates  charged  for  hauling  milk  to  receiving 
stations'in  New  York  S tat.  (15)  In  £ of  the 

"t  WaS  2S  UP  at  shipping1  platforms, °vmy  few  stops  being  made 
nS  48  slowed  summary  of  costs  of  hauling  milk  on  commercial 
routes  to  receiving  stations  in  Now  YoA :  State (  o)  ^  100 

Fl,gs  %  trr— *  -tes.  (15)  As  the  sire  of  the  load 
increases,  the  cost  per  100  pounds  constantly  decreases. 
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TABLE  45 

Costs  of  Hauling  Milk  by  Individual  Dairymen  (15) 


Number . 

Average  hauling  distance  (miles): 

Improved  road . 

Unimproved  road . 

Total . 

Average  number  of  trips: 

With  one  horse . 

With  two  horses . 

With  automobile  or  truck . 

Total . 

Hours  per  trip: 

With  horses . 

With  truck . 

Cost  per  trip: 

All  trips . 

Trips  with  horses: 

Human  labor . 

Horse  labor . 

Wagon  and  harness . 

Total  for  trips  with  horses. . 
Trips  with  truck : 

Human  labor . 

Use  of  truck . 

Total  for  trips  with  truck . 

Pounds  of  milk  per  trip . 

Cost  per  100  pounds  of  milk 


Dairymen  Using  Chiefly 

All 

Dairymen. 

Horses. 

Automobiles 
or  Trucks. 

115 

89 

204 

1.1 

1.8 

1.4 

1.1 

1.0 

1.1 

2.2 

2.8 

2.5 

275 

58 

181 

42 

22 

34 

5 

252 

112 

322 

332 

327 

1.2 

1.6 

1.3 

0.7 

0.6 

0.6 

SO. 716 

SO. 801 

SO. 754 

SO. 383 

SO. 494 

SO. 401 

SO. 256 

$0,353 

SO. 272 

SO. 075 

SO. 104 

$0,080 

SO. 714 

SO. 951 

SO. 753 

SO. 222 

SO. 200 

SO. 201 

SO. 566 

SO. 554 

SO. 554 

SO. 788 

SO. 754 

SO. 755 

273 

340 

302 

SO. 263 

SO. 236 

SO. 249 

hc^^Lr^agfnr^SoTcInls7^  d™  "ho  used 

loat8- The  **"«■«*  w 

dairyS:  X’MLS,  Z  Stents 
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TABLE  46 


Rates  Charged  for  Hauling  Milk  on  Commercial  Routes  (15) 


Miles  from  Farm  to  Milk 
Station. 

Number 

of 

Farms. 

Rate  Charged  for 
Hauling  (Cents  per 
100  Pounds). 

Hauling  from  Farms 
to  Platform. 

Range. 

Average. 

Range. 

Average. 

Number 

of 

Farms. 

Average 

Distance, 

Miles. 

Routes  on  which  most  of  the  milk  was  picked  up  at  the  farm 


1  nr  less . 

0.7 

12 

1  1  to  2 . 

1.7 

59 

2  1  to  3  . 

2.7 

98 

3  1  to  4  . 

3.6 

129 

4  1  to  5  . 

4.7 

124 

5  1  to  6  . 

5.6 

139 

6  1  to  7  . 

6.6 

113 

7  1  to  8  . 

7.6 

89 

e  1  to  9  . 

8.7 

88 

Q  1  to  10  . 

9.6 

59 

10  1  to  12  .  .  •  • 

10.9 

71 

More  than  12.  . . . 

13.1 

26 

All  farms . 

6.0 

1,007 

8  to  20.0 

12.3 

0 

0 

6  to  23 . 0 

12.5 

4 

0.6 

6  to  25.0 

13.2 

7 

0.5 

6  to  27 . 0 

14.5 

21 

0.6 

6  to  25 . 0 

15.6 

27 

0.9 

8  to  27 . 5 

17.0 

42 

1.0 

10  to  25.0 

17.7 

35 

1.1 

10  to  27.5 

19.1 

27 

1.1 

13  to  27.5 

21.0 

16 

0.9 

13  to  27.0 

21.5 

17 

1.4 

15  to  27.5 

24.0 

23 

1.3 

15  to  27.5 

26.6 

12 

1.2 

6  to  27 . 5 

17.3 

231 

1.0 

Routes  on 


which  most  of  the  milk  was  picked  up  at  platforms 


1  or  less 

1 . 1  to  2 

2 . 1  to  3 

3.1  to  4 

4.1  to  5 

5.1  to  6 

6.1  to  7 

7.1  to  8 

8.1  to  9 

9.1  to  10 

10.1  to  12 - 

More  than  12 . 

All  farms 


10.0 

15  to  20.0 
12  to  23.0 
10  to  23.0 
10  to  23.0 
10  to  23.0 
10  to  15. C 
10  to  23.0 
10  to  15.0 
10  to  23.0 
10  to  15.0 
55.0 


10  to  15.0 


10.0 

0 

0 

17.5 

0 

0 

16.7 

3 

2.0 

18.2 

6 

0.8 

16.0 

9 

0.7 

15.7 

19 

1.1 

13.0 

18 

1.2 

12.2 

33 

1.0 

11.3 

25 

1.7 

13.4 

5 

2.2 

13.6 

13 

1.6 

15.0 

1 

0.3 

12.4 

132 

1.3 
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“  In  Table  47  the  average  rates  charged  by  the  commercial  haulers 
who  picked  up  milk  chiefly  at  the  farm  are  compared  with  the  average 
costs  of  hauling  by  individual  dairymen.  For  dairymen  located  only 
1  mile  or  less  from  the  point  of  delivery,  the  cost  of  individual  hauling 
was  about  the  same  as  the  average  rate  charged  by  commercial  haulers. 
For  longer  hauls  the  rates  for  commercial  hauling  were  considerably 
lower  than  the  costs  of  individual  hauling.  For  all  distances  exceeding 
4  miles,  the  rates  for  commercial  hauling  averaged  only  half  as  much 
as  the  costs  of  individual  hauling,  although  the  average  hauling  distance 
was  greater  on  the  commercial  routes.”  (15) 


TABLE  47 


Costs  of  Individual  Hauling,  and  Rates  Charged  by  Commercial  Haulers  (15) 


Distance  to  Point  of  Delivery. 

204  Dairymen. 

69  Commercial 
Routes. 

Cents  per  100  Pounds. 

1  mile  or  less . 

12.6 

12.3 

1 . 1  to  2  miles . 

20.0 

12.5 

2. 1  to  3  miles . 

23.8 

13.2 

3. 1  to  4  miles . 

27.1 

14.5 

More  than  4  miles. .  .  . 

41.1 

20.0 

$0.40 


0.35 
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TABLE  48 


Summary  of  Costs  of  Hauling  Milk  on  Commercial  Routes  (15) 


Haulers 

Using 

Horses. 

Haulers 

Using 

Trucks. 

All  Haulers 

Number  of  haulers . 

17 

59 

6 

Number  of  patrons  per  route . 

13 

16 

15 

Number  of  stops  per  trip . 

11 

12 

12 

Number  of  “pick-ups”  at  door.  .  .  . 

11 

11 

11 

Number  of  patrons  delivering  at  platforms 

2 

5 

4 

Average  haul  to  platform  (miles) . 

1.1 

1.1 

1.1 

Number  of  trips  in  a  year: 

With  horses . 

368 

79 

144 

With  trucks . 

364 

283 

Total . 

368 

443 

427 

Average  haul  (miles): 

Improved  road . 

1.9 

5.5 

4.9 

Unimproved  road . 

2.2 

1.8 

1.9 

Total . 

4.1 

7.3 

6.8 

Number  of  miles  per  trip . 

11.2 

17.2 

16.1 

Average  load  (hundredweight) . 

17.0 

21.8 

20.9 

Cost  per  trip: 

All  trips . 

$3.03 

$3.78 

$3.64 

Trips  with  team: 

Driver . 

$1.46 

$2.24 

$1 . 60 

Horse  labor . 

$1.36 

$1.90 

$1.45 

Wagon  and  harness . 

$0.21 

$0.32 

$0.23 

Total  for  trips  with  team . 

$3.03 

$4.46 

$3 . 28 

Trips  with  truck: 

$1 . 15 

$1.15 

Use  of  truck . 

Total  for  trips  with  truck . 

Cost  per  hundredweight . 

$0.1777 

$2.47 

$3.62 

$0.1729 

$2.47 

$3.62 

$0.1736 

Cost  per  hundredweight-mile . 

$0.0427 

$0.0239 

$0 . 0257 

Income  per  trip . 

$2 . 37 

$3.86 

$3.57 

Income  per  hundredweight . 

$0.1392 

$0.1769 

$0. 1709 

Net  return  per  hour  of  human  labor .... 

$0.1568 

$0,4338 

$0.3734 

Shipping  Stations— Where  milk  is  transported,  by  steam  or  electric 
roads,  by  direct  shipment,  it  is  brought  to  the  “  station,”  from  which  it  is 
put  on  the  train  when  it  arrives.  These  stations  may  be  anything  from 
a  small  platform  (the  same  height  as  the  floor  of  the  car)  to  a  well-con¬ 
structed  shed  beside  the  railroad  tracks.  The  farmers  or  haulers  un¬ 
load  the  milk  from  the  wagons  to  the  platform  before  the  arrival  of 


HAULING  MILK 


209 


the  train,  and  when  the  train  arrives  they  put  the  cans  of  milk  into 
the  car.  Usually  at  least  two  of  the  producers  remain  at  the  station 


Fig.  48. — Milk  receiving  platform  at  a  city  railroad  terminal. 


for  this  purpose  till  the  train  comes  in,  but  in  some  localities  wrhere 
special  milk  trains  are  operated,  the  railroad  companies  furnish  the 
man  to  put  the  milk  into  the  car  from  the  platform.  In  all  cases 


Fig.  49.  A  milk  shipping  platform  with  canvas  sun  curtai 


to  the  placing  of  the  milk  in 


there  is  a  railroad  man  on  the  car  to  see 
the  car. 

Delays  at  the  Station-While  the  farmer  intends  to  deliver  the  milk 
at  the  station  platform  shortly  before  train  time,  where  milk  is  trans 
ported  by  direct  shipments,  it  is,  nevertheless,  often  left  exposed  to  the 

ir  *  snstsz 
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TANK  CAR  TRANSPORTATION 

A  recently  developed  method  of  shipment  from  the  country  receiving 
station  to  the  city  is  by  means  of  glass-  or  metal-lined  tanks  mounted 


Fig.  50. — Milk  producers  loading  milk  cars  at  a  country  shipping  point. 


on  railroad  cars.  This  system  of  transportation  has  proved  very  satis¬ 
factory  and  is  fast  growing  in  popularity,  especially  for  long  hauls.  In  a 
few  cases  the  tank  cars  are  switched  directly  from  the  railroad  yards  to 


pIG  51 — a  more  elaborate  milk  shipping  station. 


the  dealer’s  city  plant,  but  in  most  cases  the  city  plant  is  so  located  that 
this  would  not  be  practicable  and  the  dealer  must  draw  the  milk  rom 
the  tank  car  on  arrival  at  the  terminal  yards  into  tank  trucks  and  trans¬ 
fer  it  to  his  city  plant,  where  it  is  drawn  off  into  storage  tanks  in  the 
plant  either  by  gravity,  a  pump,  or  compressed  air. 
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In  1907  there  were  three  tank  cars,  each  having  a  capacity  of  3120 
gallons,  in  use  by  two  Boston  milk  companies.  (2)  This  is  probably  the 
first  time  that  tanks  were  used  in  the  transportation  of  milk  by  railroad. 
Two  of  these  tanks  were  in  continuous  use  for  five  years;  the  other  is 
still  in  use,  averaging  one  round  trip  of  280  miles  every  fifth  day  between 
a  country-shipping  station  and  the  city  plant. 

In  May,  1927,  there  were  62  milk  tank  cars  transporting  milk  into 
Chicago,  5  into  New  York  City,  2  into  New  Orleans,  8  into  Pittsburgh, 
and  8  into  Philadelphia.  (3)  The  distances  milk  is  transported  into 
Chicago  by  these  tank  cars  vary  from  51  to  361  miles.  At  the  present 
time  there  are  nearly  200  tank  cars  in  the  Chicago  area  and  about  75 
in  the  New  York  City  area. 

Nearly  all  milk  tank  cars  are  built  alike.  Each  car  contains  two 
steel  metal-  or  glass-lined  tanks  of  from  2000  to  3000  gallons  each,  making 
a  total  capacity  of  from  4000  to  6000  gallons.  This  is  about  double  the 
capacity  of  the  ordinary  milk  refrigerator  car  which  transports  milk  in 
cans.  The  tanks  are  cork-insulated  and  steel-jacketed.  In  all  cases 
the  car  itself  is  insulated,  and  the  milk  can  be  transported  many  miles 
with  a  loss  of  only  one  or  two  degrees  in  temperature.  Great  economies 
are  effected  by  the  use  of  this  system  of  transportation.  The  milk 
arrives  in  better  condition  than  it  does  when  shipped  in  cans,  and  there 
is  no  handling  of  cans.  It  takes  only  a  few  minutes  to  wash  the  tanks, 
whereas  the  washing  of  the  number  of  cans  required  to  ship  an  equivalent 
quantity  of  milk  is  a  big  job.  Where  this  method  of  transportation  is 
used  the  shipper  (milk  dealer)  either  buys  the  car  or  leases  it  from  the 
manufacturers.  The  cost  of  these  cars  is  about  $14,000  each. 

Tank-car  shipments  are  especially  suited  where  the  city  plant  is 
ocated  on  the  railroad  siding  and  where  the  dealer  receives  his  supplv 
from  a  country  receiving  station  which  is  located  on  the  railroad  and 
w  ich  supplies  enough  milk  to  fill  a  car.  In  the  Chicago  district  the 
minimum  load  quoted  by  the  railroad  is  40,000  pounds  so  that  not  all 
dcae^s  an  k  use  of  thjs  type  tran;portaPt.on>  f;“ve„  thou«h 

.  hr  e't  k  y  p  ant  and  c0untry  p,ant  are  located  on  the  railroad  thev 
m.ght  not  have  an  amount  of  milk  adequate  to  fill  a  ear  ’ 

rri  ”  £ pro; 

the  ca.  used  i^iSf’irVeT  ‘T 

is  approximately  60  per  cent  of  the  Jan  rate  for  X^qu^ 
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of  milk.  The  rate  from  one  point  in  Wisconsin  in  1925  was  27  cents 
per  100  pounds  in  tank  cars  and  45  cents  per  100  pounds  in  10-gallon 
cans.  (12) 

During  the  winter  tourist  season  shipments  by  tank  car  have  been 
made  regularly  from  Wisconsin  to  Miami,  Florida,  the  milk  arriving  in 
first-class  condition. 

TRANSPORTATION  BY  TRUCK 

In  many  localities  milk  is  brought  by  truck  either  directly  from  the 
producer’s  farm  or  from  the  country  receiving  station  to  the  dealer’s 
plant  in  the  city.  Where  the  distance  is  not  great  this  is  a  good  system; 
there  are  no  transfers  to  be  made  either  in  the  country  or  at  the  city 
to  and  from  railroad  depots  or  yards.  Where  the  roads  are  good,  milk  may 
be  shipped  economically  for  considerable  distances  by  this  system. 

According  to  Erdman  (4)  56  per  cent  of  the  milk  supply  of  Milwaukee 
in  1916  was  brought  into  the  city  by  wagon  or  auto  truck.  By  1924  (5) 
this  percentage  had  increased  to  87.5,  and  consisted  entirely  of  auto 
truck  transportation,  as  is  shown  in  Table  49. 


TABLE  49 


Number  and  Per  Cent  of  Cans  Transported  Daily  by 
Rail  and  Motor  Truck,  Milwaukee  Area,  1924.  (5) 


Number 
of  Cans. 

Per  Cent. 

7352 

1055 

50 

87.5 

12.0 

.5 

Motor  . . 

hlectric  raiiroau . 

8457 

100.0 

The  trucks  which  hauL^Tn  TaWewC 

ducers  themselves,  the  dealer  J.  Michigan,  in  1915  as  com- 

shipping  by  steam  railroa .  that  where  trucks  are  used  for 

transporting1  milk" they  bring "t  directly  to  the  dealer’s  plant  in  the  city, 
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TABLE  50 

Cost  of  Trucking  Milk  Compared  with  Rail  Transportation  Rates.  (6) 


Number 
of  Station. 

Average 
Number 
Cans  Hauled 
Daily. 

Distance, 

Miles. 

Comparative  Transportation. 

Costs  per  Can. 

Trucks. 

Steam 

Roads. 

Electric 

Roads. 

1 

30.7 

12 

$0.15 

0$ .  20 

$0.15 

2 

31.6 

12 

.15 

.20 

.15 

3 

46.5 

12 

.15 

.20 

.15 

4 

40.5 

15 

.175 

.20 

.15 

5 

112.5 

15 

.175 

.20 

.15 

6 

49.4 

20 

.175 

.20 

.15 

7 

41.1 

25 

.175 

.20 

.15 

8 

43.7 

25 

.175 

.20 

.15 

Average. .  .  . 

49.5 

17 

$0.1656 

$0.20 

$0.15 

whereas  in  the  case  of  transportation  by  steam  or  electric  railroad  the 
dealer  must  pay  for  trucking  the  milk  from  the  terminal  or  yards  to  the 
plant  in  addition  to  the  freight  charges.  In  some  cases,  also,  the  milk 
must  be  trucked  from  the  receiving  station  in  the  country  to  the  rail¬ 
road  although  where  milk  is  to  be  shipped  by  rail  the  shipping  station 
should  always  be  built  beside  the  railroad  tracks. 

Detroit^)1  Sh°WS  samples  motor  truck  rates  existing  in  1924  in 


TABLE  51 

Typical  Motor  Truck  Rates,  Detroit  Area  (5) 


Station. 

Distance  in  Miles. 

Rate,  Cents  per 

100  Pounds. 

1 

30.0 

27 

2 

53.5 

50 

3 

30.0 

27 

4 

21.0 

24 

5 

6 

38.0 

30 

27.3 

45 

7 

8 

25.5 

45 

34.0 

45 
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The  can  of  milk  mentioned  in  Table  50  holds  approximately  85 
pounds.  By  comparing  Table  50  with  Table  51  and  keeping  the  fact 
in  mind  that  100  pounds  of  milk  is  only  slightly  more  than  one  can,  it 
will  be  noted  that  the  costs  of  trucking  have  increased  considerably  and 
also  that  they  were  much  more  uniform  in  relation  to  distance  in  1924 
than  in  1915.  Two  factors  account  for  this  change:  (1)  In  1915  all  the 
milk  was  trucked  in  cans  whereas  in  1924  most  of  it  was  trucked  in  tank 
trucks.  Although  less  weight  is  carried  with  the  latter  system,  a  larger 
investment  in  trucks  is  required.  (2)  In  1915  trucking  of  milk  was  not 
an  important  business  and  there  was  no  systemized  method  of  making 
charges,  whereas  in  1924  the  trucking  of  milk  had  become  an  important 
business  and  systematic  rates  had  become  imperative.  By  1924  a  large 
portion  of  the  milk  was  transported  by  one  concern,  which  had  invested 
in  a  large  fleet  of  tank  trucks  costing  several  hundreds  of  thousands  of 
dollars.  According  to  the  Bureau  of  Public  Roads  (5)  the  truck  rates 
are  graded  in  such  a  manner  as  to  approximate  a  charge  of  1  cent  per 
100  pounds  per  mile.  Furthermore,  according  to  their  report  this  same 
rate  also  applied  in  general  to  milk  trucked  in  cans  as  well  as  that 
transported  by  tank  truck. 

In  July,  1915,  (6)  the  quantities  of  milk  shipped  into  Detroit,  Michi¬ 
gan,  by  various  agencies  were  as  shown  in  Table  52. 


TABLE  52 

Quantities  of  Milk  Received  in  Detroit  During  July,  1915  (6) 


Means  of  Transportation. 

Gallons. 

Per  Cent 
of  Total. 

Steam  railroads . 

630,990 

41.8 

637,860 

42.3 

Teams  or  automobile  trucks . 

239,780 

15.9 

1,508,630 

100.0 

In  February,  1924,  according  to  the  U.  S.  Bureau  of  Public  Enads,  0) 
the  quantities  shipped  by  various  agencies  were  as  shown  in  5 

Thus  from  July  1915,  to  February,  1924,  the  amount  of  milk  shipped 
inusirom  y,  locoqw  to  35  784,690  pounds  per 

into  Detroit  had  increased  from  12,823,355  ,  >  v 

month,  and  the  amount  shipped  by  motor  truck  an  w  g  ^ 

2)038,130  pounds,  had  increased 

total  milk  shipped  into  Detroit,  15.9  per 
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TABLE  53 

Milk  Transported  by  Different  Agencies  to  Detroit 
in  February,  1924  (5) 


Pounds. 

Per  Cent 
of  Total. 

Steam  railroads . 

775,710 

2.1 

Electric  railroads . 

3,265,290 

9.1 

Motor  truck . 

31,743,690 

88.8 

Total . 

35,784,690 

100.0 

truck  and  wagons  in  1915,  whereas,  of  the  greatly  increased  quantity 
of  milk  shipped  in  1924,  88.8  per  cent  was  shipped  by  auto  truck. 
By  1924  wagon  shipments  had  ceased  entirely.  A  large  proportion  of 
the  truck  shipments  in  1924  were  by  tank  truck,  whereas  in  1915  all 
milk  was  handled  in  cans.  The  percentage  of  milk  shipped  into  Detroit 
by  steam  railroad  decreased  from  41.8  per  cent  in  1915  to  2.1  per  cent 
in  1924,  the  percentage  shipped  by  electric  railroads  decreased  from 
42.3  per  cent  to  9.1  per  cent. 

Tables  52  and  53  clearly  illustrate  the  tendency  of  the  times  where 
there  are  good  roads  and  a  supply  of  milk  can  be  obtained  at  distances 
not  prohibitive  for  truck  transportation. 


IANK  TRUCK  TRANSPORTATION 

TnSP°rta‘i0“  °f  “ilk  in  tank  trucks  is  a  recent  development. 
(See  Tables  52  and  53.)  It  is  adapted  for  distances  that  are  not  pro¬ 
sit  “I  ""  T18  and  f°r  transP°rt“g  from  country  receiving 

stations  to  the  city  plant,  especially  when  neither  the  country  nor  city 
plant  is  located  along  the  railroad  tracks.  y 

Metal  tanks  mounted  on  motor  trucks  were  first  uspH  + 
porting  milk  in  California  in  1912.  (2)  F  tnmS' 

This  system  is  practicable  only  where  a  full  l^ori  u  •  1  i 

are  used.  By  the  use  of  trail  ^  ^rai^ers  and  semi-trailers 

carried  without  exceeding  the^hieh  SCmi~tnflei's  a  Skater  load  can  be 

the  tanks  varies  from  800  to  20TO  ^[onT’lMO ?il'  ^  °f 

common  size.  g  1 0  ’  1250  gallons  being  the  most 
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Sometimes  the  tank  trucks  are  owned  by  the  milk  dealer,  but  in 
many  cases  they  are  owned  by  haulers  who  haul  the  milk  to  the  city  on  a 
contract  basis  or  so  much  per  hundred  weight.  In  the  Chicago  district 
many  country  bottling  plants  have  been  converted  into  receiving  sta¬ 
tions  adapted  to  preparing  milk  for  shipment  in  tank  trucks.  The  rea¬ 
sons  for  this  are  the  higher  rail  rates  on  bottled  milk  and  the  fact  that 
there  are  good  hard-surfaced  roads  leading  to  the  city.  Furthermore,  in 
many  cases,  the  dealer  is  enabled  to  deliver  his  milk  to  the  customer 
fresher  where  this  system  of  transportation  is  used  as  compared  to 
shipping  in  cans  by  the  railroad.  The  dealer  is  not  dependent  on  train 
schedules  and  the  tank  truck  is  filled  at  the  country  station  as  soon  as 
the  milk  has  been  received  from  the  producers  and  cooled.  This  is 
usually  about  10  or  11  a.m.  The  milk  reaches  the  city  in  the  afternoon 
and  the  truck  returns  to  the  country,  ready  for  the  next  day  s  load. 
In  some  cases  the  trucks  leave  the  country  earlier  in  the  morning  and 
arrive  in  the  city  before  noon.  The  cost  of  the  trucks  varies  according 
to  capacity,  etc.,  but  a  fair  average  cost  is  $6000,  so  that  for  short  dis¬ 
tances  the  cost  of  the  equipment  is  less  than  is  required  for  tank-car 
transportation.  The  tank  truck  is  flexible  for  handling  the  variable 
amounts  of  milk  produced  at  different  seasons.  When  the  production 
falls  off  the  dealer  can  simply  suspend  the  use  of  a  trailer  or  of  a  truck 
during  the  short  season.  Truck  rates  are  usually  based  on  distance 
(see  Table  51),  and  more  so  than  are  the  railroad  rates  for  the  rs 
miles  or  so,  as  in  the  case  of  the  railroads  the  terminal  costs  must  be 
included.  The  rates  for  truck  hauling  are  usually  higher  when  t  e 

route  follows  poor  roads. 


TABLE  54 

At.  TO  Time  and  Labor  Required  at  City  Milk 
Comparison  of  the  Results  a  Cars  or  Tank  Trucks  (17) 


System. 


Num¬ 

ber 

of 

Plants. 


Aver¬ 

age 

Daily 

Re¬ 

ceipts. 

Gals. 


In  cans  from  trucks. 
From  tank  trucks  or 
cars . 


91 

24 


7328 

8102 


Aver¬ 

age 

Num¬ 

ber 


3.9 

1.5 


Average  Time 
Required. 

Hours. 

Man¬ 

hours. 

4.9 

4.4 

19.1 

6.2 

Average 

Receipts. 


Per 

Hour. 

Gals. 


* 

1565 

1834 


Per 

Man¬ 

hour. 

Gals. 


* 

384 

1309 


Average  Time 
Required  to 
Receive 
100  Gallons. 

Minutes. 


t 

5.7 

3.7 


* 

3.8 

3.3 


*  Weighted  average.  t  Average  of  averages. 
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ECONOMY  OF  BULK  TRANSPORTATION  OF  MILK 

In  general,  considerable  economies  can  be  effected  by  shipping  milk 
in  tank  cars  or  tank  trucks  as  compared  with  shipping  in  cans.  Both 
the  tank-truck  and  the  tank-car  systems  are  fast  gaining  in  popularity. 
Not  only  does  the  milk  arrive  in  the  city,  in  some  cases,  fresher,  and 
with  the  loss  of  often  less  than  2  degrees  in  temperature,  but  also  great 
savings  in  handling  are  effected  with  the  bulk-shipment  method.  No 
cans  have  to  be  handled  or  washed,  either  at  the  country  or  the  city  end. 

Table  54  shows  a  comparison  of  the  labor  used  at  91  city  milk  plants 
receiving  milk  in  cans  with  24  plants  receiving  from  tank  cars  or  tank 
trucks.  The  labor  used  in  washing  the  cans  and  the  tanks  is  included. 


TRANSPORTATION  BY  ELECTRIC  CARS 

Before  the  advent  of  the  motor  truck  and  especially  of  the  tank 
truck,  considerable  quantities  of  milk  were  transported  by  electric 
railroads.  In  July,  1915,  42.3  per  cent  of  the  milk  shipped  into  Detroit 
was  transported  by  electric  cars.  (6)  By  1924  only  9. 1  per  cent  was  received 
by  electric  cars,  (5)  owing  to  the  increase  of  motor  truck  transportation. 
In  1916,  according  to  Parker,  (1)  Chicago  received  5  per  cent  of  its  sup- 
pi}  over  electric  roads,  Cleveland  45  per  cent,  and  Indianapolis  68  per 


TABLE  55 

Comparison  of  Transportation  Rates  on  Electric  and  Steam  Railways  in 
the  Detroit  Market  Milk  Territory  during  the  Year  1915  (6) 


Rates  per 
10-gallon 
Can. 


$0.15 

.20 

.21 

.22 

.23 

.24 

.25 

.26 

.27 

.28 

.29 

.30 


Distance,  in  Miles,  for  which  Rates  Apply. 


Detroit  United 

Pere 

Railways 

Marquette 

(Electric). 

Railroad. 

1-30 

1-25 

1-25 

. 

26-30 

31-35 

31-35 

36-40 

36-40 

41-45 

41-45 

46-50 

46-50 

51-60 

51-60 

61-70 

61-70 

71-80 

71-80 

81-90 

81-90 

91-100 

91-100 

Michigan 

Central 

Railroad. 


1-25 

1-25 

26-30 

31-35 

36-40 

41-45 

46-50 

51-60 

61-70 

71-80 

81-90 

91-100 


Grand 

Trunk 

Railroad. 


1-17 

18-55 


56-75 


76-100 
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cent.  In  1924,  according  to  the  Bureau  of  Public  Roads,  (5)  Indianap¬ 
olis  received  only  6  per  cent  of  its  supply  over  the  electric  roads,  and 
the  entire  remainder  of  94  per  cent  was  received  by  motor  truck.  The 
change  from  electric-car  service  to  motor  trucks  was  due  in  a  large 
measure  to  the  fact  that  the  motor  trucks  furnish  complete  service; 
i.e.,  they  pick  up  the  milk  either  at  the  farm  or  the  country  station  and 
deliver  it  direct  to  the  city  plant  with  no  intermediate  hauling  as  is 
usually  required  with  electric  or  steam  transportation. 

Table  55  shows  the  comparative  rates  by  steam  and  electric  roads  to 
Detroit  in  1915. 
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CHAPTER  XV 


COUNTRY  MILK-RECEIVING  STATIONS 

To  provide  a  means  for  assembling  and  cooling  the  milk  before  ship¬ 
ment  to  the  city,  country  milk-receiving  and  cooling  stations  have  been 
established  either  by  producers’  organizations  or  by  the  city  distributors 
of  milk,  at  points  varying  from  less  than  30  miles  to  more  than  400  miles 
from  the  city. 


FUNCTIONS  OF  COUNTRY  MILK-RECEIVING  STATION 

The  principal  function  of  a  country  milk-receiving  station  is  to 
furnish  a  place  where  the  milk  from  the  producers  can  be  received, 
weighed,  cooled,  and  shipped  to  the  city  market.  The  milk  as  received 
from  the  producers  is  immediately  weighed  and  cooled,  and  the  producers’ 
cans,  after  being  washed,  are  returned  to  him.  With  this  system,  cans 
of  milk  are  not  left  exposed  on  a  shipping  platform,  as  the  milk  is  cooled 
as  soon  as  it  arrives  from  the  producers’  dairy  and  prepared  for  ship¬ 
ment  so  that  it  arrives  in  the  city  in  good  condition.  The  testing  and 
grading  of  the  milk  are  facilitated  by  this  system,  and  any  surplus  milk 
can  be  held  m  the  country  to  be  manufactured  into  by-products,  thus 
e  ecting  a  considerable  saving  in  transportation  costs.  Among  other 

advantages  of  this  system  of  shipping  milk  as  compared  with  direct 
shipments  are  the  following: 

1.  Less  can  cost  to  the  producer. 

2.  Less  likelihood  of  cans  being  lost. 

reaches  the  statio^shorUy  after  making0  m°rnmg’S  milk>  provided  it 

4.  Assists  in  developing  dairying. 

5.  Payments  to  producer  are  direct  and  more  prompt 

for  disputef^'to  teste0  h'S  m‘lk  weighed’  and  there  is'less  likelihood 

I  ?h?YtaUona:U"atr:anhkcPen,dflUT  AA  distribut<*- 

the  milk  that  is  received  from  ,  P  ,C  ose  ch(rck  on  the  quality  of 
in  improving  the  quality  of  his  produc^'f1'  aJfd  Can  °/ten  assist  him 
economincal  milk  production  P  d  We  1  as  ln  the  Problems  of 

thedty?™1*8  l0DgCr  Shipments  ot  “ilk  and  a  better  quality  to  reach 
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OWNERSHIP  OF  COUNTRY  RECEIVING  STATIONS 

In  most  cases  the  stations  are  owned  by  the  milk  distributors,  but 
in  some  sections  they  are  owned  and  operated  by  the  producers’  organi¬ 
zations.  When  the  stations  are  under  the  control  of  the  producers, 
they  usually  handle  the  surplus.  When  the  stations  are  owned  by  the 
distributors,  the  producers  are  relieved  of  the  responsibility  of  handling 
the  surplus,  but  they  do  not  have  so  great  a  bargaining  power,  when 
prices  are  being  negotiated,  as  the  producers  who  control  the  stations 
themselves.1 


in 


LOCATION  OF  COUNTRY  MILK-RECEIVING  STATIONS 

The  following  are  among  the  points  that  should  be  considered  i 
choosing  a  location: 

1.  Nearness  to  a  sufficient  number  of  dairy  cows  to  insure  a  supply 
adequate  for  a  station  of  economical  capacity  at  all  seasons. 

2.  Proper  shipping  facilities. 

3.  Water  supply  and  sewage  disposal. 

4.  Competition. 

Nearness  to  Sufficient  Number  of  Dairy  Cows.— It  is  desirable  that 
long  hauls  are  not  required  to  bring  the  milk  to  the  station,  as  they 
add  to  the  expense  and  also  may  result  in  the  milk  getting  to  the  station 

in  poor  condition. 

In  order  that  long  hauls  may  be  avoided  and  that  there  be  a 
plentiful  supply  of  milk,  it  is  obvious  that  the  station  should  be  located 
in  a  good  dairy  section.  In  order  for  the  station  to  be  run  economically, 
there  should  be  available  at  least  10,000  pounds  of  milk  daily.  (See 
Tables  58  and  53,  pages  230  and  231.)  The  length  of  haul  that  would 
be  permissible  will  depend  on  the  type  of  roads  and  the  quantity  of  milk 
available  Unless  the  roads  are  good,  it  is  desirable  to  have  a  sufficien 
supply  within  a  radius  of  5  to  8  miles.  Where  there  are  good  hard¬ 
surfaced  roads,  considerably  greater  distances  can  be  covered  by  auto 
Irucks  provided  there  is  a  sufficient  supply  to  insure  a  paying  load. 

n  ma^y  cases  the  production  of  milk  can  be  increased  so  that  it  may  be 
desirable  to  establish  a  station  even  though  there  is  no  nnmediahdy 

•i  Up  (sufficient  supply  for  economical  plant  operation,  wit 

rr1  „  4w  production  per  farm  and  developing  dat¬ 

ing  in  fte  area.  Many  milk  dealers  are  doing  valuable  work  along  this 

line'  „  ee;„nine  Facilities— If  the  milk  is  to  be  shipped  by  rail,  the 
stationlhould  be  located  on  the  railroad  so  that  the  milk  may  be  tians- 

1  See  Chapter  XIII. 
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ferred  directly  to  the  cars.  Where  trucks  are  used  to  transport  the 
milk  to  the  city,  the  station  should  be  located  close  to  a  good  road. 
Even  where  trucks  are  used  to  transport  the  milk,  however,  it  is  a  good 
plan  to  locate  in  the  vicinity  of  a  railroad  if  possible  in  case  anything 
happens  to  the  truck  transportation  system.  This  factor  may  be  of 
considerable  importance  in  sections  where  serious  snow  storms  and 
blizzards  are  common. 

Water  Supply. — An  adequate  water  supply  is  necessary  for  the  suc¬ 
cessful  operation  of  a  milk-receiving  station.  The  water  used  for  clean¬ 
ing  purposes  must  be  pure  and  uncontaminated.  It  is  also  desirable 
that  the  water  be  as  cold  as  possible  so  that  much  of  the  cooling  of  the 
milk  may  be  accomplished  with  it.  A  survey  of  185  stations  by  the 
Bureau  of  Dairy  Industry  showed  that  the  systems  used  to  procure 
water  were  as  follows: 

Stations. 


Own  well  (usually  driven  well) .  145 

City  water .  27 

Own  well  and  city  water .  0 

Spring .  3 

Well  and  spring .  3 

River  and  well .  1 


It  will  be  noted  that  most  of  the  plants  had  their  own  wells.  City 

water  is  quite  expensive  when  a  large  quantity  is  used.  It  is  therefore 

desirable  for  a  milk-receiving  station  to  have  its  own  well  and  to  have  it 

deep  enough  to  provide  an  ample  supply  of  cold  water  at  all  times. 

Although  water  from  a  stream  might  be  used  for  cooling  purposes,  it 

S  ,°!!ld  be  used  for  washing  cans  and  equipment  because  of  the  pos¬ 
sibility  of  contamination. 

Sewage  Disposal.— Sewage  disposal  is  an  important  problem.  The 
p°ant"mS  tabuIatl°n  Sh°WS  the  systems  of  sewage  disposal  used  at  108 


City  sewer . 

Piped  to  creek  or  river 

Cesspool . 

Septic  tank . 

Cesspool  to  creek . 

Open  ditch . 

Septic  tank  to  creek 

Drain  to  creek . 

Piped  to  ditch . 

Piped  to  open  field 


28 

26 

12 

11 

11 

7 

4 

4 

3 

2 


sib.e%U^ 
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a  large  body  of  water.  Where  a  large  stream  is  available,  it  may  be 
used  provided  there  are  no  laws  prohibiting  the  emptying  of  sewage  into 
it.  Septic  tanks  or  cesspools  are  often  used  where  neither  a  city  sewer 
nor  a  flowing  stream  is  available.  If  the  soil  is  porous,  as  in  the  case  of 
gravel  soil,  the  cesspool  may  be  satisfactory;  but  the  septic  tank  usually 
gives  better  satisfaction,  especially  if  there  is  much  casein  or  albumen 
in  the  sewage.  Septic  tanks  will  give  the  best  results  if  the  quantity  of 
sewage  supplied  is  uniform  in  amount  from  day  to  day  and  the  size  of 
the  tank  is  regulated  according  to  the  quantity  of  sewage  to  be  handled. 
Cesspools  are  not  satisfactory  except  where  the  soil  is  porous. 

Competition. — Competition  is  an  important  item  to  be  considered 
in  the  location  of  the  plant.  If  the  plant  is  located  near  that  of  a  com¬ 
peting  company,  not  only  may  difficulties  arise  between  the  two  com¬ 
panies  but  the  volume  of  milk  that  can  be  obtained  would  probably  be 
too  small  for  the  most  economical  plant  operation.  Competition  from 
other  city  markets  should  also  be  considered,  and  the  plant  should 
preferably  not  be  located  near  the  territory  that  would  normally  be 
drawn  upon  by  other  cities.  Not  only  would  this  cause  a  division  of 
the  supply  between  the  two  markets  so  that  the  volume  per  plant  would 
be  low,  but  there  might  be  a  difference  in  the  prices  paid  by  the  two 
markets,  which  at  certain  times  might  result  in  the  loss  of  many  patrons 
who  would  naturally  seek  the  higher-priced  market. 

It  is  not  desirable  to  locate  the  plant  too  near  the  city,  for  as  the 
city  grows  the  milk-producing  area  will  gradually  be  pushed  away  from 
the  city  by  other  industries  and  interests.  Furthermore,  with  the 
increase  of  good  roads,  stations  located  too  near  the  city  are  subject  to 
the  competition  of  direct  haulers  from  the  producer  to  the  city  plants. 
This  competition  may  be  an  especially  important  factor  during  the  sea¬ 


son  of  milk  shortage.  , ..  ,  ,  . 

In  some  sections  of  the  country,  stations  have  been  established  in 

large  numbers  quite  close  to  each  other.  The  original  cause  for  this 

was  usually  the  fact  that  several  competing  companies  established  sta- 

tions  in  the  same  producing  area.  Later  several  of  these  stations  would 

sometimes  fall  into  the  hands  of  one  organization  and  be  consolidated 

into  one  plant  because  of  the  excessive  per  unit  costs  of  operating  the 

stations  separately  and  the  economies  in  plant  operation  that  could  b 

effected  bv  combining  the  operations  into  one  plant. 

All  factors  considered,  it  is  desirable  to  locate  the  station  man 

area  that  is  either  a  good  dairy  section  or  that  can  be  developed  int 

,  rb.i  :c  nnssihle  is  at  a  sufficient  distance  away  so  that  com 
one,  and  that,  if  possible,  is  a  Unproved  roads,  automobile 

haul*  ng,  and  better  milr3°service  permit  longer  hauls  both  for  getting 
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the  milk  from  the  producer  to  the  plant  and  from  the  plant  to  the  city, 
than  was  formerly  the  case. 

The  selection  of  a  distant  location  for  the  station  is  often  desirable 
because  such  areas  have  a  chance  to  grow  with  the  growth  of  the  city 
and  the  increased  demands  for  milk. 


CONSTRUCTION  OF  BUILDING 

The  most  desirable  material  to  use  in  the  construction  of  the  plant 
will  depend  somewhat  on  local  conditions.  Brick,  concrete,  stone 
blocks,  or  tile  are  durable  and  have  some  advantages  over  frame  build¬ 
ings.  They  are  more  nearly  fireproof;  they  are  warmer  in  winter  and 
cooler  in  summer,  and  the  cost  of  upkeep  and  repairs  is  much  less. 
Frame  buildings,  however,  are  very  popular  because  of  the  low  initial 
investment,  though  the  cost  for  upkeep  and  repairs  is  much  greater. 


TABLE  56 


Material  Used  in  Construction  of  123  Country  Receiving  Stations 


Size  of  Plants 
Pounds  Received 
Daily. 

Frame. 

Cement  Blocks. 

Glazed  Tile. 

Brick. 

Number 

of 

Plants. 

Average 

Pounds 

Handled. 

Number 

of 

Plants. 

Average 

Pounds 

Handled. 

Number 

of 

Plants. 

Average 

Pounds 

Handled. 

Number 

of 

Plants. 

Average 

Pounds 

Handled. 

Less  than  10,000.  .  . 

10,001  to  20,000 _ 

Over  20,000. . . 

26 

36 

16 

78 

6,258 

14,750 

26,139 

14,181 

7 

3 

4 

14 

7,449 

13,621 

32,188 

13,541 

5 

1 

1 

7 

7,459 

16,482 

71,000 

17,825 

3 

6 

4 

13 

9,320 

16,419 

28,510 

18,501 

Total  or  average.. . . 

Size  of  Plants. 
Pounds  Received 
Daily. 

Brick  and 
Concrete. 

Frame  and 
Concrete. 

Stone. 

Steel  and 
Concrete. 

Number 

of 

Plants. 

Average 

Pounds 

Handled. 

Number 

of 

Plants. 

Average 

Pounds 

Handled. 

- - - - - 

Number 

of 

Plants. 

Average 

Pounds 

Handled. 

Number 

of 

Plants. 

Average 

Pounds 

Handled. 

Less  than  10,000 .  .  . 

10,001  to  20,000 _ 

Over  20,000 

1 

19,000 

4 

13,872 

1 

2 

3 

15,900 

45,000 

35,300 

1 

2 

3 

12,000 

72,500 

52,233 

Total  or  average. . . . 

1 

19,000 

4 

13,872 

BumGau5of  It  willT^  plant§  by  the 

were  the  most,  common  for  plantTof  t  sit  o'  ^  buildinKs 
were  the  next  most  popular  materials  used.  Although  brick, “let tt 
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or  stone  is  much  more  durable  and  requires  much  less  expense  for  upkeep 
than  frame  buildings,  the  latter  are  entirely  satisfactory.  The  floors, 
and  also  the  walls  for  a  distance  of  3  or  4  feet  above  the  floor,  should 
be  of  concrete,  tile,  or  other  hard-surface  material.  The  floors  should 
be  well  drained.  Drains  should  be  located  when  the  floor  is  laid  to  in¬ 
sure  a  correct  slope  of  floor  and  should  be  properly  trapped  and  connected 
to  the  sewer.  All  plants  surveyed  had  concrete  floors. 

Good  ventilation  is  essential  for  all  milk  plants  in  order  to  get  rid 
of  bad  air  and  moisture  and  to  insure  pure  air  in  the  milk-handling 
room.  It  is  usually  desirable  to  pipe  the  exhaust  from  the  can  washer 
out  of  the  building  either  through  the  roof  or  side  of  the  building  so 
that  the  steam  and  bad  odors  will  escape.  A  survey  of  105  milk¬ 
receiving  stations  showed  that  roof  ventilators  were  used  at  70  plants, 
skylights  at  8  plants,  while  at  27  plants  windows  were  depended  upon 
entirely  for  ventilation.  Roof  ventilators  are  very  satisfactory  and  not 
expensive,  and  they  are  desirable  for  all  plants.  These  should  be  con¬ 
nected  to  the  milk-handling  rooms  by  flues. 


ARRANGEMENT  OF  PLANT 


The  plant  should  be  so  arranged  that  the  milk  can  be  weighed  in  on 
one  side  of  the  building  and  shipped  out  at  the  opposite  side. 

The  receiving  deck,  where  the  milk  is  received  and  weighed,  should 
be  raised  to  about  the  level  of  the  floor  of  the  ordinary  truck  so  that  the 
cans  of  milk  can  be  readily  unloaded  from  the  truck.  It  is  also  desirable 
that  there  be  a  drop  from  the  receiving  deck  to  the  milk-handling  floor 


sufficient  for  the  milk  to  flow  from  the  weigh  can  to  the  receiving  vat 
by  gravity.  This  will  depend  somewhat  on  the  equipment  used,  but 
usually  3  to  4  feet  is  sufficient.  The  receiving  room  should  be  so 
arranged  that  the  producer  can  unload  his  milk  at  the  receiving  door 
and  then  drive  on  and  receive  the  washed  cans  either  from  another 
door  or  from  a  conveyor  leading  from  the  can  washer.  The  distance 
between  the  points  where  he  unloads  his  milk  and  receives  the  cans 
should  be  sufficient  to  prevent  any  congestion  or  confusion  when 
large  and  small  loads  follow  each  other  at  the  receiving  door.  A  con¬ 
veyor  leading  from  the  can  washer  out  of  and  alongside  of  the  building 
for  a  considerable  distance,  will  take  care  of  this  condition.  A  small 
shed  or  lean-to  may  be  used  for  the  boiler  room  and  coal  storage.  This 
should  be  so  located  that  no  dust  or  contamination  can  get  from  it  to 
the  milk-handling  room.  Where  the  station  is  located  on  a  railroa 
siding  the  boiler  room  and  coal  bins  should  be  so  arranged  that  the  coal 
can  be  conveniently  unloaded  directly  from  the  car.  Ample  storage 
space  should  be  provided,  and  also  space  to  do  repair  work. 


ARRANGEMENT  OF  PLANT 
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Where  mechanical  refrigeration  is  not  used,  an  ice  house  should  of 
course  be  provided.  Except  in  extreme  northern  sections  of  the  country, 
however,  mechanical  refrigeration  is  generally  provided  for. 


Fig.  52,-Producers  unloading  milk  and  loading  cans  at  a  country  receiving  station. 
Table  57  shows  the  system  of  cooling  milk  used  at  129  stations. 


TABLE  57 


Systems  of  Cooling  Milk  Used  at  129  Milk-receiving  Stations 


Size  of  Plant. 
Pounds  Handled 
Daily 

Total 
Number 
of  Plants 

Number  of  Plants  Using: 

Well 

Water. 

Ice 

Water. 

Direct  Expansion  Ammonia 
or  Brine  with  Mechanical 
Refrigeration. 

Less  than  10.000 .  . 

39 

5 

- - 

10,001-20,000. 

46 

IZ 

22 

20,001-30,000. . 

22 

15 

31 

30,001-40,000.  .  . 

11 

8 

14 

Over  40,000.  . 

11 

9 

11 

Total  ... 

129 

5 

_ 

37 

87 

87 
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It  will  be  noted  that  mechanical  refrigeration  was  used  at  the  major¬ 
ity  of  the  stations.  .  .  ,  ..  ,  ,  , 

Fig  53  is  a  suggested  floor  plan  for  a  receiving  station  of  about 

2500  gallons’  daily  capacity  from  which  the  milk  is  to  be  shipped  in  cans. 
Fig  54  is  a  floor  plan  for  a  receiving  station  of  about  4000  gall 
capacity  with  additional  space  to  provide  for  the  manufacture  of  sur- 

plus  milk  into  by-products. 


Loading  Platform 


ARRANGEMENT  OF  PLANT 
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w 


F.O.  54-  Floor  plan  for  receiving  station  of  about  4000  gallons’  daily  capacity  with  additional  space  for  the  manufacture  of 

surplus  milk  into  milk  products. 
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\\  here  milk  is  to  be  shipped  in  tank  trucks  or  tank  cars,  the  arrange¬ 
ment  would  be  slightly  different.  No  can  washer  need  be  provided  for 
shipping-cans.  The  milk  would  either  be  pumped  directly  from  the 
cooler  to  the  tank  truck  or  car,  or  to  a  storage  tank  from  which  it  would 
later  be  transferred  to  the  tank  truck  or  tank  car. 

SUGGESTED  LISTS  OF  EQUIPMENT  FOR  COUNTRY  MILK  STATIONS 

The  principal  items  of  equipment  required  by  the  respective  types 
of  plants  specified  are  enumerated  in  the  following  lists.  Only  approxi¬ 
mate  cost  figures  can  be  given,  as  costs  will  depend  upon  the  type  and 
quality  of  machinery  purchased.  In  case  city  water  is  not  used,  addi¬ 
tional  equipment  for  pumping  from  a  well  must  be  provided.  At  each 
of  the  plants  a  certain  quantity  of  general  equipment  and  supplies  will 
be  required,  such  as  brushes,  tools,  sample  and  test  bottles,  pipettes, 
thermometers,  and  office  furnishings. 

Receiving ,  Cooling ,  and  Canning  Station  with  Daily  Capacity  of  2500 
Gallons. — Principal  Items  of  Equipment  Required 

(Estimated  cost,  approximately  $10,000) 


One  two-compartment  weigh  can,  capacity  1000  pounds. 

One  dial  scales,  1000  pounds  capacity. 

One  milk-can  drainer.  .  , 

Two  receiving  and  standardizing  vats,  capacity  400  gallons  each 
One  milk  pump,  capacity  8000  pounds  per  hour. 

One  milk  cooler,  capacity  8000  pounds  per  hour. 

Two  can  washers. 

One  36-bottle  Babcock  tester. 

One  20-horsepower  boiler  with  accessories. 

One  10-ton  compressor  with  accessories. 

One  insulated  brine  tank. 

One  brine  pump  with  necessary  piping. 

One  can  filler. 

One  sink.  .  .  ,  c. . .  a 

Necessary  steam  and  water  piping  and  fittings 
Necessary  sanitary  piping  and  fittings. 

Conveyors,  motors,  shafting,  etc. 


If  equipment  for  artificial  refrigeration  is  not  provided  the  initial 
investment  is  reduced  by  about  *2500  to  *3000,  but  an  ice  house  must 

t>e  if°Some  of  the  milk  is  to  be  separated  and  cream  shipped,  the  follow- 
ing  additional  equipment  would  be  required: 
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One  separator,  capacity  4500  pounds  per  hour. 

One  cream  vat,  with  coils. 

One  can  filler. 

One  skim-milk  tank. 

One  skim-milk  pump. 

Total  additional  cost,  $1500  to  $2000. 

Receiving,  Cooling,  and  Canning  Station  with  Daily  Capacity  of  4000 
Gallons,  and  with  Auxiliary  Equipment  for  Manufacturing  Milk 
Products. — Principal  Equipment  Required 

(Estimated  cost,  $15,000  to  $20,000) 

One  two-compartment  weigh  can,  capacity  1000  pounds. 

One  dial  scales. 

Four  vats  with  coils,  400  gallons  capacity,  for  receiving,  standardizing 
milk,  cream  storage,  etc. 

One  milk  pump,  capacity  12,000  pounds  per  hour. 

One  milk  cooler,  capacity  12,000  pounds  per  hour. 

One  can  filler  for  milk. 

One  milk  heater. 

One  separator,  capacity  4500  pounds  per  hour. 

One  skim-milk  tank. 

One  skim-milk  pump. 

One  skim-milk  storage  tank. 

One  can  filler  for  cream  (if  cream  is  to  be  shipped). 

Two  can  washers. 

One  can  drainer. 

One  churn  and  butter  worker,  capacity  about  600  pounds. 

One  36-bottle  Babcock  tester. 

One  50-horsepower  boiler  with  accessories. 

One  20-ton  compressor  with  accessories. 

One  brine  tank. 

One  brine  pump,  with  necessary  piping. 

One  sink. 

Necessary  steam  and  water  piping  and  fittings. 

Necessary  sanitary  piping  and  fittings. 

Conveyors,  motors,  shafting,  etc. 


Auxiliary  Equipment  for  Casein  Manufacture 

(Estimated  cost  of  auxiliary  equipment,  approximately  $1500  to  $2000) 
Precipitating  vats. 

Drying  funnel,  with  fan  blower  and  heating  coils 
Drying  trays  and  trucks. 

Curd  mill. 

Curd  press. 

Press  dividing  boards. 

Drain  rack. 

Cloths  for  draining  and  pressing  the  curd. 
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In  some  cases  the  wet  curd  itself  is  shipped;  then  only  the  precipi¬ 
tating  vats,  drain  rack,  curd  press,  dividing  boards,  and  cloths  for 
draining  and  pressing  the  curd  are  required. 

If  cheese  is  to  be  manufactured,  two  or  three  jacketed  cheese  vats, 
together  with  pressure  cheese  presses,  are  required,  which  will  cost 
from  $2000  to  $3000. 


Auxiliary  Equipment  for  Condensing 
(Estimated  cost  of  auxiliary  equipment,  $7000  to  $8000) 
One  5-foot  condensing  pan. 

Two  hot  wells,  or  one  preheater  and  one  hot  well. 

One  vacuum  pump. 

Necessary  piping  and  fitting. 


The  boiler  horsepower  would  have  to  be  increased  if  condensing  is 
to  be  done. 

Relation  of  Volume  Handled  to  Operating  Costs 

Table  58  shows  the  cost  of  operation  at  38  milk-receiving  stations 
shipping  milk  to  New  York  City.  (1) 


TABLE  58 


Relation  of  Volume  of  Milk  to  Cost  per  100  Pounds 


Volume  of  Milk  Handled  per  Plant  Annually. 

Less  than 
4,000,000 
Pounds. 

From  4,000,000 
to  8,000,000 
Pounds. 

Over  8,000,000 
Pounds. 

Number  of  plants . 

14 

12 

12 

Average  volume: 

2,784,331 

90 

5,471,687 

13,629,208 

Pounds  per  year . 

176 

439 

Total  cost  per  100  pounds  milk 

33.0 

25.4 

19.6 

plant  operating  cost  at  38  milK  receivi  g 

are  given  the  operating  costs  for  13  milk-receiving  sta- 
tions  of  various  sizes  in  Vermont.  (2) 
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TABLE  59 


Fig.  55.  Relation  of  volume  of  milk  received  per  plant, 

38  country  receiving  plants. 


to  plant-operating  cost, 


Plants  "  0P°rati°n  ^  “height  the  total  13 

n  one  city,  receiving  milk  from  91  stations  th 
received  daily  per  plant  for  a  period  of  one  T  ^  aVerage  quantity 
varying  from  938  pounds  at  the  smallest  1  y®ar  was  13>910  pounds, 
plant.  It  is  apparent  that  at  manv  of  th  **  °  at  the  largest 

small  for  the  most  economical  plant  operatTon.  '  ^  V°'Ume  WaS  t0° 
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NUMBER  OF  MEN  REQUIRED  TO  OPERATE  COUNTRY  RECEIVING 
STATIONS  OF  VARIOUS  CAPACITIES 

Table  60  shows  the  number  of  men  employed  at  72  country  stations 
of  various  sizes  from  which  the  milk  was  shipped  in  cans;  Table  61 
shows  the  number  of  men  employed  at  121  plants  of  various  sizes  from 
which  the  milk  was  shipped  in  bulk  in  either  tank  trucks  or  tank  cars. 
The  average  quantity  of  milk  handled  per  man  employed  at  the  various 
sized  plants  is  also  shown. 


TABLE  60 

Labor  Employed  at  72  Plants  from  which  the  Milk  Was  Shipped  in  Cans 


Size  of  Plant. 
Pounds  of  Milk 
Received  Daily. 

Number  of 
Plants. 

Average  Pounds 
of  Milk 
Received  per 
Plant. 

Number  of 
Men  per 
Plant. 

Pounds  of 
Milk  Handled 
per  Man. 

5,000  or  less . 

5,001  to  10,000... 
10,001  to  15,000... 
15,001  to  20,000. . . 
20,001  to  30,000... 
30,001  to  50,000. . . 

5 

11 

14 

22 

10 

7 

3 

3,681 

6,886 

12,417 

17,621 

23,799 

36,129 

58,700 

1.4 

2.7 

3.1 

4.0 

4.9 

6.1 

10.0 

2,743 

2,992 

3,871 

4,563 

5,166 

6,253 

6,055 

It  will  be  noted  that  at  both  types  of  plants  a  greater  quantity  of 

in  its  effect  on  economy  m  the  ^  ^  ^  ^  plant  of  similar 

It  will  a  so  be  no  E  t  empl0yed  at  the  plants  from 

at  ihose  plants  where  cans  are 

U5eWhen  the  milk  is  shipped  in  bulk  £  tank 

is  pumped  from  the  cooler  to  t  c  s  ora  required 

r-rri.  -  -  -  -  - 

milk  on  the  car  or  truck. 


RELATION  OF  VOLUME  HANDLED  TO  INVESTMENTS  233 


TABLE  61 

Labor  Employed  at  121  Plants  from  which  the  Milk  Was  Shipped  in  Tanks 


Size  of  Plant. 
Pounds  of  Milk 
Received  Daily. 

Number  of 
Plants. 

Average  Pounds 
of  Milk 
Received  per 
Plant. 

Number  of 
Men  per 
Plant. 

Pounds  of 
Milk  Handled 
per  Man. 

5,000  or  less . 

5 

3,580 

1.0 

3,580 

5,001  to  10,000. . . 

33 

7,874 

1.2 

7,000 

10,001  to  15,000. .  . 

21 

12,609 

1.3 

10,417 

15,001  to  20,000. .  . 

IS  . 

16,566 

1.6 

12,186 

20,001  to  30,000. . . 

20 

24,472 

2.5 

10,149 

30,001  to  50,000. . . 

13 

40,400 

3.9 

11,825 

Over  50,000 . 

11 

72,273 

4.9 

15,701 

RELATION  OF  VOLUME  OF  MILK  HANDLED  TO  INVESTMENTS 

IN  PLANTS 

Table  62  shows  the  investments  in  buildings,  and  equipment  at 
/5  plants  of  various  sizes  from  which  the  milk  was  shipped  to  the 


TABLE  62 

Relation  of  Volume  to  Investments  in  Buildings,  and  Equipment  at  75 
Country  Receiving  Stations  from  which  the  Milk  is  Shipped  in  Cans. 


Size  of  Plant. 
Pounds  of  Milk 
Received  Daily. 

Num¬ 

ber 

of 

Plants. 

Average 

Quantity 

Received 

Daily. 

Pounds. 

Less  than  5,000 

7 

3,703 

5,001  to  8,000. 

16 

6,282 

8,001  to  10,000 

10 

9,239 

10,001  to  15,000 

18 

12,016 

15,001  to  20,000 

11 

17,746* 

20,001  to  30,000 

5 

24,652f 

Over  30,000...  . 

8 

38,456 

*  8  plants. 


t  3  plants. 


Average  Investment 

in  Buildings. 

Per  Plant. 

Per  Cwt. 

Dollars. 

Dollars. 

6,917.49| 

180.45 

8,925. 61  § 

144.64 

7,085. 10 

76.68 

9,632.56 

80. 16 

14,379.32 

81.03 

17,216.79 

69.82 

22,082.73 

57.43 

Average  Investment 
in  Equipment. 


Per  Plant. 
Dollars. 


2,776.25 
5,300.64 
5,931.98 
6,319 . 06  § 
11,643.05 
10,133.95 
21.369.91f 


Per  Cwt 
Dollars. 


74.98 

81.86 

64.73 
52.28 

66.73 
41.11 
54.50 


§  16  plants. 


t  6  plants. 

market  in  cans.  As  the  size  of  tho  nio^o  • 

building  and  equipment  is  required  The  m°re  ‘nVestment  in 

the  investment  per  100  pounds  handled  is  atThe  TT’^f 

smaller  capacities.  These  large  per  unit 
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plants  naturally  result  in  higher  cost  of  operation  per  hundred-weight 
handled. 

Table  63  shows  the  investments  in  land,  buildings,  and  equipment  at 
57  plants  from  which  the  milk  was  shipped  to  the  city  in  tank  trucks  or 

TABLE  63 

Relation  of  Volume  to  Investments  in  Land,  Buildings,  and  Equipment  at 
57  Country  Receiving  Stations  from  which  the  Milk  Is  Shipped  in  Tank 
Cars  or  Tank  Trucks 


Size  of  Plant. 
Pounds  of  Milk 
Received  Daily. 

Num¬ 

ber 

of 

Plants. 

Average 

Quantity 

Received 

Daily. 

Pounds. 

Average  Investment 
in  Land. 

Average  Investment 
in  Buildings. 

Average  Investment 
in  Equipment. 

Per  Plant. 
Dollars. 

Per  Cwt. 
Dollars. 

Per  Plant. 
Dollars. 

Per  Cwt. 
Dollars. 

Per  Plant. 
Dollars. 

Per  Cwt. 
Dollars. 

5,000  to  8,000. 

4 

6,247 

867 . 26 

14.51 

3,926.18 

63.80 

4,799.82 

76.76 

8,001  to  10.00C 

8 

8,530 

726.47 

8.62 

2,944.41 

34.93* 

4,340.87 

44.55* 

7 

12  914 

7,731.79 

59.87 

15,001  to  20,000 

12 

17,290 

699 . 64 

3.85 

7,490.90 

42.96 

9,150.94 

52.92 

20,001  to  30,000 

11 

25,411 

1,427.55 

5.59 

8,171.02 

31,99 

12,070.01 

47.86 

30,001  to  50,000 

11 

41,204 

2,566. 19 

6.23 

21,869.79 

53.08 

22,217.29 

53.92 

Over  50,000 _ 

4 

60,848 

3,968.34 

6.52 

29,052.78 

47.74 

20,222.97 

33.23 

*  Most  of  the  plants  in  this  group  consisted  of  frame  buildings  and  very  simple  equipment. 


TABLE  64 


Relation  of  Volume  to  Investments  in  Land,  Buildings,  and  Equipment 
at  13  Country  Receiving  Stations  in  Vermont  (2) _ 


AT 

Volume  of  Milk 
Received 
Annually. 
Pounds. 

lO  VAJUIN  1 

Number 

of 

Stations. 

it  I  IXZjKsZjL  v  — 

Investments  on  Land 
and  Buildings. 

Investments  in  Equipment. 

Per  Plant. 
Dollars. 

Per  Cwt. 
Handled 
Annually. 
Cents. 

Per  Plant. 
Dollars. 

Per  Cwt. 
Handled 
Annually. 
Cents. 

4,229,000. . 
5,934,000. . 
10,873,000.. 

4 

5 

4 

9,076.02 

12,701.85 

19,160.30 

20.99 

20.69 

17.34 

6,686.25 

5,181.60 

12,137.25 

16.02 

7.02 

10.90 

Av.  6,929,000.. 

13,573.42 

19.75 

7,784.31 

10.98 

fink  cars  As  a  rule,  the  investment  is  less  than  at  the  plants  of 


TABLE  65 

Relation  of  Volume  of  Milk  to  Investments  in  Land,  Buildings,  and  Equipment  at  29  Country  Receiving  Stations 
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concrete,  or  brick  construction  and  were  especially  well  equipped  with 
modern  machinery,  as  a  result  of  which  the  investment  per  100  pounds 
handled  was  relatively  high.  The  unit  cost  of  operation  of  these  plants, 
however,  was  comparatively  low. 

Table  64  shows  the  relation  of  the  volume  of  milk  handled  to  the 
investments  in  land,  buildings,  and  equipment  at  13  stations  in  Ver¬ 
mont.  (2) 

Table  65  shows  the  investments  in  land,  buildings,  and  equipment 
at  29  milk-receiving  stations  from  which  the  milk  was  shipped  to  New 
York  City.(l) 

The  foregoing  tables  show  that  the  investments  required  per  hun¬ 
dred-weight  handled  are  as  a  rule  greater  at  the  plants  with  the  smaller 
volume  of  milk,  and  they  further  illustrate  the  fact  that  plants  with  a 
large  volume  are  more  economical  than  the  plants  with  a  small  volume. 
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CHAPTER  XVI 


THE  CITY  MILK  PLANT— CONSTRUCTION  AND  ARRANGEMENT 

As  was  shown  in  Chapter  XIV,  the  milk  supply  of  the  large  cities  is 
shipped  for  considerable  distances  to  city  milk  dealers.  These  dealers 
bring  the  milk  to  their  plants  in  the  city  where  it  is  pasteurized  and  put 
into  bottles,  ready  for  delivery  to  the  consumer.  In  order  to  pasteurize 
and  prepare  the  milk  for  delivery  to  the  consumer,  the  modern  city  milk 
plant  has  been  developed. 

The  milk  plant  should  be  a  modern,  sanitary  building,  of  durable 
construction  and  equipped  with  sanitary  and  up-to-date  apparatus.  It 
must  be  so  arranged  that  the  milk  can  be  received  and  handled  effi¬ 
ciently  and  economically,  and  proper  facilities  must  be  provided  for 
receiving,  weighing  and  sampling  the  milk.  From  the  receiving  tank, 
the  milk  goes  to  the  clarifying  and  pasteurizing  apparatus,  and  thence 
to  the  bottle  fillers  and  cappers.  After  the  milk  is  put  into  the  bottles 
and  sealed,  it  must  be  kept  in  a  cold  place  until  it  is  sent  out  on  the 
doliv  er}  w  ago  ns.  F  acilities  must  also  be  provided  for  washing  the 
cans  and  the  bottles.  In  general,  the  milk  plant  should  be  modern  in 

every  way,  and  should  be  of  good  appearance  from  an  architectural 
point  of  view. 


CITY  MILK  PLANTS  NOW  IN  EXISTENCE 

,  .A*  Present  thCTe  is  f“dard  type  of  city  milk  plant,  many  of  the 
P .  nt.  being  old  wooden  buildings,  which  were  formerly  used  for  other 
purposes,  and  which  have  been  used  by  the  milk  dealer  when  his  busi¬ 
ness  was  small  and  very  little  equipment  was  required.  As  his  business 
grew,  he  would  make  additions  from  time  to  time,  to  make  room  for 
more  equipment,  with  the  result  that  the  plant  has  no  systematic  plan 
or  arrangement.  Some  plants  consist  of  a  back  room  in  the  dwelW 

house,  the  opposite  extreme  is  the  modern  city  milk  nl-inf  i  1*  r  * 

creie  or  brick,  often  costing  large  sums  of 

latest  and  most  sanitary  type  of  equipment.  P  Wlth  the 

LOCATION  OF  PLANT 

^  The  following  are  the  principal  points  to  consider  in  locating  the  milk 
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1.  Ease  of  access  from  as  many  sides  as  possible. 

2.  Value  of  property. 

3.  Cost  of  getting  the  milk  to  the  plant. 

4.  Proximity  to  distribution  center. 

5.  Advertising  possibilities. 

6.  Opportunity  for  retail  counter  cash  trade. 

7.  Convenience  to  city  water  supply  and  electric  power. 

8.  Avoidance  of  heavy  traffic  surroundings. 

9.  Good  drainage. 

10.  Pure  ah*  and  clean  surroundings. 


-  a— .  ■  i  ■  m  ■. 

Fig.  55a.— A  modern  city  milk  plant. 


It  is  desirable  to  have  the  plant  located  so  that  it  can  be  approached 
from  two  sides  in  addition  to  the  front.  Milk  and  bottles  may  then  be 
taken  in  at  one  side  of  the  building,  while  the  delivery  wagons  may  be 
loaded  at  the  other  side  of  the  building,  and  there  will  be  no  confusion 


or  congestion.  . 

Whether  to  erect  the  plant  on  an  expensive  site  in  the  business  sec¬ 
tion  of  the  city  or  to  go  further  out  on  less  expensive  property,  is  an 
important  question.  An  attractive  plant  located  in  the  downtown  sec¬ 
tion  of  the  city  will  not  only  be  a  good  advertising  feature,  but  wi 
often  result  in  a  large  quantity  of  cash  sales  at  the  plant.  However, 
unless  competition  is  an  important  factor,  it  would  not  be  advisable  to 

buy  a  very  expensive  site  for  the  plant. 

Whether  to  locate  the  plant  near  the  railroad  or  nearer  the  distribu¬ 
tion  center  must  also  be  decided.  In  recent  years  many  milk-d.stnbut- 
ing  companies  have  increased  greatly  in  size  and  have  therefore  estab- 
lishecl  branch  distributing  plants.  The  milk  is  bottled  at  the  mam 
plant  and  transported  by  truck  to  the  branch  plants,  from  which i  the 
routes  receive  their  loads.  These  branch  plants  are  of  course  located 
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the  distributing  area.  When  branch  plants  are  operated  in  this  way, 
the  question  of  receiving  the  milk  from  the  country  is  of  great  impor- 
tance  in  regard  to  location  of  the  main  pasteurizing  plant.  With  the 
advent  of  tank-car  transportation  the  tendency  has  been  in  recent  years 
for  large  companies  to  locate  the  main  plant  on  the  railroad  so  that  the 
tank  car  can  be  transferred  to  the  plant  and  the  milk  received  from 

it  direct. 


CLASSES  AND  TYPES  OF  PLANTS 

There  are  various  ways  in  which  plants  may  be  classified.  They 
may  be  divided  into  the  the  following  seven  classes,  the  basis  of  classifi¬ 
cation  being  the  method  of  handling  the  milk  in  the  plant: 


1.  Gravity,  More  than  One  Story. — In  this  class  of  plants  the  milk  in 
cans  is  elevated  above  the  first  floor  and  dumped.  It  then  flows  by 


■/'Not 

,(  Dun  p  &. 


Olarifier  or  Filten 


Fig.  57.— Course  of  milk  at  plant  of  Class  2  type. 

gravity  through  pasteurizing  and  other  machinery  without  the  use  of  a 
milk  pump. 
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2.  Gravity  and  Pump,  More  than  One  Story. — Milk  is  elevated  in  cans 
above  the  first  floor,  and  dumped.  It  flows  by  gravity  through  part 
of  the  machinery,  but  pumps  are  also  used  before  it  reaches  the  filler. 


3.  Pump  to  Higher  Level,  then  Gravity— The  milk  is  dumped  into  a 
tank  on  the  first  floor  and  pumped  to  a  floor  above,  whence  it  flows 
through  the  various  pieces  of  apparatus  by  gravity,  without  the  further 
use  of  a  milk  pump. 


4  Pump  to  Higher  Level,  then  Gravity  and  Pump  - The  milk  is 
pumpedfrom  the  first  to  a  floor  above.  From  that  pomt  ,t  ,s  handled 

Vw  nnmns  or  partly  by  pumps  and  partly  by  gravity. 

T  Same  as  C  Js  4  except  that  the  bottle  fillers  are  on  the  second 
5.  Same  as  t  lass  I  ^  ^  botUe3  are  conveycd  from 

floor  instead  of  the  groun  j  floor  bv  power 

the  second  floor  to  the  milk-storage  room  on  the  ground  floor  by  po 

or  gravity  conveyors. 
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6.  Pump,  One  Story—  The  milk  is  handled  on  one  floor,  one  or  more 
pumps  being  used. 

7.  Milk  sent  to  raw-milk  storage  tanks  below  the  ground  floor  level, 
whence  it  is  pumped  to  a  higher  floor  level,  with  gravity,  or  pumps  and 
gravity,  used  from  that  point,  as  in  Classes  3,  4,  and  5. 


Fig.  60.— Course  of  milk  at  plant  of  Class  5  type. 


In  a  survey  of  336  milk  plants  made  by  the  Bureau  of  Dairy  Industry, 
plants  of  various  capacities  fell  into  the  various  classes  as  indicated  in 
Table  66. 


TABLE  66 

City  Milk  Plants  Classified  as  to  Course  of  Milk  through  Plant  (2) 


Size  of  Plant. 


Number  of  Plants  in  Class. 


Gallons  of  Milk 
Handled  Daily. 

1 

2 

3 

4 

5 

6 

100  or  less . 

0 

0 

0 

0 

0 

11 

101  to  250 . 

1 

0 

0 

0 

0 

37 

251  to  500 . 

0 

0 

6 

1 

0 

24 

501  to  1,000 . 

0 

0 

6 

2 

o 

*>3 

1,000  to  2,000 . 

0 

1 

5 

3 

0 

28 

2,001  to  3,000 . 

0 

0 

1 

7 

o 

7 

3,001  to  5,000 . 

1 

3 

1 

17 

0 

17 

5,000  to  10,000 . 

1 

2 

2 

47 

7 

10,000  to  15,000. . . 

0 

2 

1 

18 

3 

15,000  to  20,000. . 

0 

1 

0 

11 

3 

0 

20,001  to  30,000. .  . 

0 

1 

o 

q 

(1 

Over  30,000.  . . . 

0 

1 

1 

3 

0 

3 

1 

2 

Total . 

3  . 

11 

23 

118 

22 

157 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 


Total. 


11 

38 
31 
31 
37 
15 

39 
65 
25 
15 
17 
12 


336 


uc  uuwm  mat  plants  in  Classes  1  and  2  are  not  comm 
SUrV6y  therC  Were  on|y  14  suc^  Plants  in  these  two  classes.' 


It  is 
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generally  considered  more  economical  and  satisfactory  to  pump  the 
milk  as  it  is  received,  than  to  elevate  in  cans  by  means  of  elevators  or 
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Fig.  61. — Course  of  milk  at  plant  of  Class  6  type. 


is 


escalators.  If  the  pump  is  of  proper  design  and  is  kept  clean,  there 
no  objection  to  pumping  the  cold  raw  milk  from  the  receiving  tank  to 
the  raw-milk  storage  tanks  or  the  pasteurizing  department.  Also,  pump¬ 
ing  the  cold  raw  milk  to  the  preheater  or  the  clarifier  and  pumping  the 
hot  pasteurized  milk  over  the  cooler  under  the  same  conditions  are  not 
considered  injurious  to  the  milk.  There  are  only  a  few  plants  in  Class  3, 

but  there  is  a  large  number  in  Class  4. 

The  type  of  plant  represented  by  Class  6  was  most  commonly  found, 

although  most  of  the  larger  plants  were  in  Class  4. 

The  placing  of  the  raw-milk  storage  tanks  below  the  ground  level 
(as  in  Class  7)  is  a  comparatively  new  idea  in  milk  plants,  but  this 
system  seems  to  have  certain  advantages,  especially  where  the  milk  is 
received  in  tank  cars  or  trucks.  The  milk  flows  by  gravity  to  these 
tanks  from  the  receiving  room,  and  when  it  is  received  in  tank  cars  or 
trucks  these  can  be  unloaded  very  rapidly  with  this  system.  Further¬ 
more,  space  is  saved  in  other  parts  of  the  plant.  . 

Plants  may  be  classified  also  on  the  basis  of  the  course  of  the  bottles 

through  the  plant,  into  the  following  five  classes: 

K  lV-!ta<!swaXxl°in  the  basement,  with  all  the  other  operations  on 

theC.rSBoflt°tks  washed  and  filled  on  the  seeond  floor,  with  milk-storage 

r0000nAlIhoperattio°n0sron  the  first  floor  except  that  the  empty  bottles 
are  stored  on  an  upper  floo. •  level^oHn .the  tement^  ^  ^  ^ 
E.  Bottles  washed  in  the  basemen  , 

floor  level  and  milk-storage  nhnts  made  by  the  Bureau  of  Dairy 

cated  in  Table  67. 

It  will  be  noted  that  241  of  these  plants  are  °f 

by  Class  A.  This  is  83  per  ^“  jak^  aX  where  the 
both  the  labor  requirements  and  bottle  breakage 
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TABLE  67 


City  Milk  Plants  Classified  as  to  Course  of  Bottles  through  Plant  (2) 


Size  of  Plant. 
Gallons  of  Milk 
Handled  Daily. 

Number  of  Plants  in  Class. 

Total. 

A 

B 

C 

D 

E 

500  or  less . 

80 

0 

0 

0 

0 

80 

501  to  1,000 . 

25 

0 

0 

0 

0 

25 

1,001  to  2.000 . 

26 

0 

0 

0 

0 

26 

2,001  to  3,000 . 

8* 

1 

0 

0 

1§ 

10 

3,001  to  5,000 . 

27 

1 

1 

1 

0 

30 

5,001  to  10,000 . 

43 

5 

6 

1 

1 

56 

10,001  to  15,000 . 

14 

3 

2 

2t 

0 

21 

15,001  to  20,000 . 

8 

1 

4 

2 

0 

15 

20,001  to  30,000 . 

7* 

3 

5 

2t 

0 

17 

Over  30,000 . 

3 

2 

1 

2t 

1 

9 

Total . 

241 

16 

19 

10 

3 

289 

*  At  one  plant  the  milk-storage  room  was  in  the  basement, 
f  At  one  plant  the  bottles  were  stored  in  the  basement, 
t  At  both  plants  the  bottles  were  stored  in  the  basement. 

§  Bottles  were  stored  above  the  first  floor  after  washing,  but  were  filled  on  street  floor. 


bottle-washing  and  filling  departments  and  the  milk-storage  room  are 
all  on  the  first  floor.  In  this  type  of  plant  less  transferring  of  the  bot¬ 
tles,  which  tends  to  cause  breakage,  is  necessary  than  in  plants  where 
the  operations  are  on  different  floor  levels;  also,  fewer  foremen  are 
needed  to  operate  the  plant. 

At  plants  of  the  type  represented  by  Class  B,  the  results  in  regard 
to  economy  of  labor  and  bottle  breakage  are  practically  as  good  as  at 
the  plants  of  the  type  in  Class  A,  if  proper  conveying  systems  are  used 
to  get  the  bottles  to  the  washers  in  the  basement  and  if  the  bottles 
after  being  washed,  are  elevated  to  the  first  floor  by  the  washer  itself’ 
Hants  of  the  types  represented  by  Classes  C,  D,  and  E  are  not  com¬ 
mon,  and  are  usually  found  where  it  is  necessary  to  economize  in  ground 


NUMBER  OF  FLOORS  IN  MILK  PLANTS 

In  the  construction  of  milk  plants  the  tendency  in  recent  years  has 
been  to  build  plants  of  only  one  or  two  stories.  In  a  recent  survey  (2) 
pants  only  it  were  of  more  than  two  stories  The  107  nlanto 
included  00  plants  handling  less  than  1000  gallons  daily  Of  these 
66  plants,  40  plants,  or  about  61  per  cent,  were  one-story  plants 
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Table  68  shows  the  number  of  stories  at  307  plants  of  various  capac¬ 
ities. 

TABLE  68 


Number  of  Stories  in  307  City  Milk  Plants  (1930).  (2) 


Gallons  of  Milk. 

Number 
of  Plants 
in  Group. 

Number 
of  1 -story 
Plants. 

Number 
of  2-story 
Plants. 

Number 
of  3-story 
Plants. 

Number 
of  Plants 
Having 
More  than 
3  Stories. 

500  or  less . 

32 

23 

8 

1 

0 

501  to  1,000 . 

34 

17 

15 

1 

1 

1  001  to  2  000 . 

44 

15 

24 

4 

1 

2,001  to  3,000 . 

36 

7 

22 

6 

1 

3  001  to  5  000 . 

46 

14 

22 

7 

3 

5  001  to  10,000 . 

60 

16 

27 

15 

2 

10  001  to  20,000 . 

31 

4 

10 

15 

2 

Ovpr  20,000 . 

24 

2 

4 

13 

5 

Total  . 

307 

98 

132 

62 

15 

Although  many  of  the  larger  plants  have  more  than  one  floor  level, 
there  is  also  a  tendency  in  constructing  large  plants  to  confine  them  to 
only  one  or  two  stories.  In  the  present  survey  there  were  161  plants 
handling  more  than  3000  gallons  daily,  and  99  of  these,  or  61  per  cent, 
were  of  only  one  or  two  stories.  At  a  very  large  percentage  of  all  the 
plants  included  in  the  survey,  the  bottle-washing  and  filling  depart¬ 
ments  and  the  milk-storage  room  were  all  on  the  ground-floor  level. 
As  indicated  elsewhere,  both  the  cost  of  labor  for  plant  operation  and 
the  losses  from  breakage  of  bottles  in  the  plant  tend  to  be  less  for  those 
plants  where  all  of  these  departments  are  on  the  first  floor.  At  plants 
with  basements  where  the  bottles  are  washed  in  the  basement  and  are 
mechanically  delivered  to  the  ground  floor  by  the  washer  itself,  prac¬ 
tically  as  good  results  are  obtained  with  regard  to  cost  of  labor  and  to 
losses  from  bottle  breakage  as  at  the  plants  where  the  bottles  are  washed 
on  the  first  floor,  provided  that,  in  the  former  case,  proper  conveying 
systems  are  used  to  transfer  the  bottles  to  the  washers  in  the  basement 
Of  course,  where  a  plant  is  to  be  located  on  an  expensive  site  it  is 
usually  desirable  to  have  more  than  two  stories,  but  where  a  building 
site  of  ample  space  is  available  at  moderate  cost,  the  plant  of  one 
two  stories  seems  to  have  many  advantages. 


RELATION  BETWEEN  NUMBER  OF  STORIES 
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RELATION  BETWEEN  NUMBER  OF  STORIES  IN  PLANT  AND  LABOR 

REQUIREMENTS 

The  number  of  men  required  to  operate  a  milk  plant  seems  to  be 
affected  to  some  extent  at  least  by  the  number  of  stories  in  the  plant. 
As  a  rule,  fewer  men  are  required  in  plants  using  only  one  story  than 
in  plants  using  several  stories. 

Table  69  shows  the  relation  between  the  number  of  stories  in  the 
plant  and  the  labor  requirements. 

TABLE  69 

Relation  between  the  Number  of  Stories  and  Labor  Requirements  in  Milk 

Plants  (3) 


Plants  Having  One  Story 


Milk  and  Cream  Handled  per  Plant. 

Milk  and  Cream  Handled 
per  Employee. 

Group. 

Plants. 

Number. 

Quantity. 

Gallons. 

Aver¬ 

age. 

Gallons. 

Bottled. 

PerCent. 

Em¬ 

ployees. 

Number. 

Total. 

Gallons. 

Bottled. 

Gallons. 

Exclu¬ 
sive  of 
Check¬ 
ers.* 
Gallons. 

1 

5 

2,000  or  less. 

1,314 

83.7 

5.8 

227 

190 

263 

2 

10 

2,001  to  5,000.  .  . 

3,152 

88.9 

11.0 

287 

255 

341 

3 

6 

5,001  to  10,000.  . 

7,570 

90. 1 

26.2 

289 

261 

361 

4 

5 

2 

10,001  to  15,000.  . 
15,001  to  20,000.  . 

10,975 

84.5 

30.0 

366 

309 

422 

6 

1 

Over  20,000 

21,000 

82.0 

67.0 

313 

257 

344 

Plants  Having  Two  Stories 


1 

8 

2,000  or  less 

1,466 

2 

11 

2,001  to  5,000.  .  . 

3,631 

3 

23 

5,001  to  10,000.  . 

7,103 

4 

6 

10,001  to  15,000.  . 

11,742 

5 

4 

15,001  to  20,000.  . 

16,875 

6 

3 

Over  20,000  . 

25,261 

Plants  Having  Three 

1 

2,000  or  less. . 

2 

2,001  to  5,000.  . 

3 

5 

5,001  to  10,000.  . 

8,169 

4 

1 

10,001  to  15,000.  . 

11,150 

5 

4 

15,001  to  20,000.  . 

17,910 

6 

3 

Over  20,000 

31,783 

79.6 

85.7 
84.9 
80.6 

83.7 
88.1 


7.4 

19.0 

34.4 

52.5 
57.3 

102.6 


or  More  Stories 


199 

189 

206 

224 

295 

246 


158 

164 

175 

180 

247 

217 


228 

220 

252 

263 

343 

277 


Bales  emploTee^1118  ^  DOt  included  with  *he  P^nt 
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More  milk  was  handled  per  plant  employee  in  the  one-story  plants 
than  in  the  two-story  plants,  and  with  only  two  exceptions  more  was 
handled  in  the  two-story  plants  than  in  the  plants  of  three  or  more 
stories.  In  Group  6  less  milk  was  handled  per  man  in  the  two-storv 
plants  than  in  the  plants  of  three  or  more  stories.  One  of  the  reasons 
for  this  was  that  one  of  the  two-story  plants  was  a  grade  A  plant 1  and 


handled  only  188  gallons  of  bottled  milk  per  plant  employee,  which 
lowered  the  average  for  the  group.  The  other  exception  was  the  one 
plant  of  three  or  more  stories  in  Group  4.  In  this  plant  the  milk  was 
pasteurized  on  the  second  floor  and  was  bottled  on  the  first  floor.  The 
bottles  were  washed  in  the  basement,  but  the  bottle  washer  elevated 
the  bottles  to  the  first  floor,  where  they  were  filled,  thus  eliminating 

the  necessity  of  conveyors  or  elevators.  u 

From  the  survey  that  was  made  it  seems  apparent  that  best  results 
as  to  labor  required  are  obtained  where  the  bottle-washing  and  filhng 
departments  and  the  milk-storage  room  are  on  the  street  floor.  The 
principal  reason  for  this  is  that  a  minimum  of  handling  and  of  super- 
vlskm  is  required  at  this  type  of  plant.  Where  the  bottles  are  washed 
in'  the  basement  and  the  bottle  washer  delivers  the  bottles  to  the  fillers 
on  the  street  floor,  nearly  as  good  results  are  achieved. 

.  This  plant,  because  it  handled  grade  A  milk,  met  special  requirements  of  the 
City  health  officials. 
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CONSTRUCTION  OF  PLANT 

Material. — The  kind  of  material  best  adapted  to  the  construction 
of  the  milk  plant  will  depend  a  good  deal  on  local  conditions.  The 
durability  and  cost  of  the  material  should  be  first  considered.  Frame 
buildings  were  formerly  quite  popular,  but  in  recent  years  milk  plants 


r.iu.  do. — interior 


Ol  CXi 


the  cost  of  repairs  and  upkeep  is  less-  ,  thoSe  of  'vood- 

fireproof.  Where  hollow  tile  is  used  it  sh  ,  «  »fe a  S0  practi 

on  the  outside  and  with  smooth  cemenf 1 1' *  “  "'ith  s< 
material  should  be  fireproof.  the  lnside*  The  ro< 
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Inside  Walls  and  Ceilings. — The  inside  walls  should  be  of  a  material 
that  is  smooth,  easily  cleaned,  durable  and  waterproof.  Cement, 
coated  with  a  paint  that  is  as  nearly  waterproof  and  steamproof  as 
possible,  is  satisfactory.  For  the  more  important  rooms,  where  the 
milk  is  handled,  tile  or  enamel  brick  may  be  used.  While  these  mate¬ 
rials  are  expensive  they  will  add  greatly  to  the  appearance  and  sanita¬ 
tion  of  the  rooms.  The  ceilings  as  well  as  the  inside  walls  should  be  of 
a  material  that  is  smooth,  durable  and  easily  cleaned. 

Floor  Construction. — Floors  should  be  of  tile  or  cement  with  a 
waterproof  coating,  and  special  attention  should  be  given  to  the  proper 
laying  of  them.  It  is  important  that  there  should  be  a  good  foundation, 
and  all  drain  pipes  should  be  in  place  before  the  floors  are  laid.  The 
floors  should  slope  about  \  inch  per  foot  to  the  floor  drains,  and  the 
drains  should  be  trapped  and  connected  to  the  sewer.  The  milk-handling 
rooms  may  have  tile  floors,  which,  though  more  expensive,  will  add  to 
the  appearance.  Iron  grids  or  plates  imbedded  in  the  cement  will  pro¬ 
long  the  life  of  floors  in  rooms  where  cans  and  trucks  are  constantly 

handled. 

Ventilation. — Proper  ventilation  in  the  milk  plant  is  important, 
both  from  the  standpoint  of  the  sanitary  condition  of  the  milk  and  that 
of  the  health  of  the  employees.  Various  methods  of  ventilation  are 
used,  such  as  ventilating  drafts,  flues,  etc.  In  large  plants  the  air  is 
often  forced  through  a  filter  to  purify  it,  and  in  some  modern  plants  it 
is  passed  through  sprays  of  water.  By  heating  or  cooling  the  spray  of 
water  the  temperature  in  the  rooms  may  be  controlled  to  a  certain 
extent.  The  air  is  forced,  by  means  of  fans,  through  the  filter  or  spray 
of  water  and  through  hues  into  the  rooms,  and  the  foul  air  passes  out 
through  other  flues  or  through  small  openings  in  the  roof  of  the  building. 

Light  — The  milk  plant,  especially  in  rooms  where  the  mi  k  is  lan- 
dled,  should  be  well  lighted,  and  plenty  of  window  space  should  be  pro¬ 
vided  Plenty  of  light  tends  to  promote  cleanliness  and  sanitation  i 
the  plant  In  the  score  card  for  the  sanitary  inspection  of  city  milk 
nknts  used  by  the  Bureau  of  Dairy  Industry,  Department  of  Agncul- 
£  iwo  points  are  given  for  sufficient  light,  and  it  is  recommended 
that  the  window  space  be  10  per  cent  of  the  floor  area. 

arrangement  of  milk  plant 

Tn  the  arrangement  of  the  plant,  economy  of  operation  as  well  as 

vement  and  rapid  rc™  0  of  the  building  has  been 

s.  - “  «*  “* 
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put  on  the  platform,  from  which  it  goes  to  the  receiving  room.  If  the 
receiving  room  is  a  considerable  distance  from  the  receiving  plattorm, 
power  or  gravity  conveyors  will  be  of  great  assistance.  The  floor  of  the 
platform  should  be  on  a  level  with  the  floor  of  an  ordinary  truck,  so  that 
the  milk  may  be  unloaded  from  the  trucks  without  unnecessary  lifting. 

Milk  Pumps  Compared  with  Elevators. — Very  few  plants  elevate 
the  milk  to  the  top  floor  in  the  cans,  the  majority  using  pumps.  Studies 
were  made  by  the  Dairy  Division  of  the  U.  S.  Department  of  Agricul¬ 
ture,  at  twenty-eight  typical  plants,  to  determine  the  relative  economy 
of  the  systems  of  (A)  dumping  the  milk  in  tanks  on  the  ground  floor  and 


Fig.  64.  Conveyor  used  in  plants  of  Class  1  type  to  elevate  the  milk. 


then  pumping  from  this  tank  to  the  receiving  tank  above,  (B)  raising 
the  milk  in  cans  to  the  top  floor  by  means  of  power  conveyors,  and  (C) 
raising  the  cans  of  milk  by  means  of  freight  elevators.  A  comparison 
of  the  economy  of  the  three  systems  is  shown  in  Table  49.  (1) 

From  the  data  in  this  table  it  is  apparent  that  the  system  of  pumn- 
ng  the  milk  from  the  ground  floor  rather  than  elevating  it  in  cans  is 

much  more  economical  in  the  use  of  D bar  c  '  1S 

St”hr:  much'more 

more  economical  in  ^Jonaho^' “"T",' SySte”’  h°Wever- is 
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milk.  Of  course,  other  factors  enter  into  this  problem,  but  these 
figures  will  illustrate  the  general  tendency. 

TABLE  70 

Comparison  of  Men  and  Time  Required  to  Receive  and  Dump  the  Milk  and 
Wash  the  Cans  at  Three  Different  Types  of  Plants  (1) 


Type  of  Plant. 

Number 

of 

Plants. 

Average 
Cans  of 
Milk 

per 

Plant. 

Average 

Time 

Spent 

per 

Plant. 

Hours. 

Average 
Number 
of  Men 

per 

Plant. 

Average 
Hours 
of  Labor 

per 

Plant. 

Average 
Hours 
of  Labor 

per 

100  Cans 
Received. 

Average 
Ti  me 

per 

100 

Cans 

Received. 

Hours. 

Average 

Cans 

Received 

and 

Dumped 
per  hr. 

A  (pump) . 

18 

1034.7 

4.9 

4.3 

26.2 

2.5 

0.47 

212.6 

B  (conveyor) . 

6 

815 

4.9 

5.7 

30.8 

3.6 

.  58 

172.0 

C  (elevator) . 

4 

825 

8.1 

5.8 

58.4 

7.1 

.99 

101 . 5 

Fig.  65 


Receiving  milk  and  washing  cans  in  plant  ot  Glass  i  w 


«  In  some  plants  it  may  be  necessary  to  have  the  “"bu/thS 
the  top  floor,  because  of  lack  of  space  on  the  pound 1  floo  ,  but  that 

,n  arrangement  to  be  avoided.  Of  course  inf p hurts  wl ^  ^ 

of  cans  handled  is  small,  the  element  of  tin  <  •  I  ften 

k  is  of  less  importance,  and  conveyors,  or  even  elevators, 

isfactory.”  (1) 


RECEIVING  THE  MILK 


251 


RECEIVING  THE  MILK 


It  is  desirable  to  have  the  plant  so  arranged  that  the  milk  can  be 
received  with  as  small  a  labor  cost  as  possible.  A  rapid  system  is 
also  desirable  so  that  the  milk  may  be  handled  as  fast  as  it  arrives. 

In  many  plants  the  cans  of  milk  are  transported  by  automobile  or 
by  horse-drawn  trucks  from  the  country  or  from  the  railroad  station 
in  the  city  to  the  receiving  platform.  From  a  study  carried  on  at 
63  milk  plants,  the  following  systems  for  receiving  milk  thus  trans¬ 
ported  have  been  found:  (3) 

1.  Cans  are  transferred  from  receiving-room  door  to  weigh  or  dump 
tank  by  means  of  platform  trucks.  After  being  emptied  and  washed, 
they  are  returned  by  the  same  trucks  to  the  loading-out  door. 

2.  Cans  are  taken  to  the  second  or  third  floor  by  means  of  the 
ordinary  freight  elevator,  which  accommodates  about  16  cans  to  the 
load.  The  empty  cans,  after  being  washed,  are  returned  by  the  same 
elevator. 

3.  Cans  are  rolled  from  receiving-room  door  to  the  dump  or  weigh 
tank.  This  distance  varies  from  10  to  30  feet,  but  at  the  majority  of  the 
plants  the  distance  is  approximately  15  feet.  In  most  cases  the  cans 
are  ted  directly  into  the  washer  by  the  man  who  empties  the  milk  from 
the  cans,  although  at  a  few  of  the  plants  another  man  is  required  to 
transfer  the  cans  to  the  washer.  At  some  of  the  plants  the  washer 
delivers  the  cans  at  a  point  near  the  door,  whereas  at  others  extra 

an  ing  o  cans  is  required  at  this  point  because  of  considerable  dis- 

the  washer  t0  the  point  where  they are 

SO  tWD+hpiP  °r  weigh  ta+nk,is  located  close  to  the  receiving-room  door 
so  that  the  cans  are  emptied  with  practically  no  handling.  The  washer 

door' to"  the  the  “ng-room 

automatic  washer  from’ which  thcv  ,,,?  .‘''"V"'  they  are  placed  in  an 
gravity  or  power  conveyor  7  °  transferred  to  the  trucks  by 

or  weigh  UnlT“nrsodf  to  the  dump 

placed  in  the  washer  directly  after  t  .  P0"’<T  conveyors.  The  cans  are 
man  who  empties  them,  there  beine  no  amPed>  usually  by  the  same 
The  washer  leads  to  the  loadine-ouf  5  handling  at  this  point, 
of  conveyors  so  that  there  is  no  extra  handlfn!^  ^TectlY  or  bT  means 
7.  Same  system  as  6  is  used  exceot^ Tht  tV*  thlS  P°int- 
.he  street  floor  to  a  higher  level  by  meins  nf^  CanS  are  elevated  from 

y  means  ot  power  conveyors  or  lifts 


a 


252  CITY  MILK  PLANT— CONSTRUCTION  AND  ARRANGEMENT 


and  the  washed  cans  are  returned  to  the  street  floor  by  a  similar  con¬ 
veyor  or  lift.  When  the  cans  of  milk  reach  the  higher  floor  they  are 
conveyed  to  the  dump  tank  as  in  system  6.  The  cans  are  placed  directly 
in  the  washer,  from  which  they  pass  on  another  conveyor  to  the  lift 
or  to  a  gravity  conveyor  which  takes  them  to  the  street  floor  to  be 
loaded  on  the  trucks. 

Comparison  of  Different  Systems  as  to  Time  and  Labor  Required. — 

A  comparison  of  the  results  obtained  from  the  use  of  these  systems 
at  63  milk  plants  showed  that  at  the  23  plants  using  system  6 
(Fig.  66)  the  number  of  gallons  received  per  hour  varied  from  650  to 
5685,  and  the  number  of  gallons  received  per  man-hour  varied  from 


6Q, — Receiving  milk  at  a  plant  using  system  6.  At  23  plants  using  systems 
similar  to  this  an  average  of  2334.4  gallons  per  hour  and  459.6  gallons  per 
man-hour  was  received.  (3) 


256.7  to  690.5,  with  averages  of  2334.4  and  459.6  gallons,  respectively. 
Seventy-four  per  cent  of  the  milk  received  at  the  plants  in  this  group 
was  weighed,  and  65  per  cent  of  the  plants  weighed  all  the  milk,  which 
is  a  larger  percentage  than  in  most  of  the  other  groups  o  P  an  s-  1S 
svstem  is  very  efficient  as  to  labor  required  and  is  desirable  for  either 
small  or  large  plants,  unless,  in  the  case  of  small  plants,  ^em4.n 
be  used.  With  system  6  the  milk  was  received  and  weighed  y 
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rapidly  with  a  small  amount  of  labor.  One  plant  with  well-arranged 
conveyors  received  the  milk  at  the  rate  of  708.8  cans  per  hour  and  71.9 
cans  per  man-hour. 

Furthermore,  system  6  is  the  most  adaptable  to  plants  having  various 
arrangements  of  equipment.  The  plants  using  system  4  required  the 


no.  b7.  Receiving  milk  at  a  plant  using  system  3.  An  average  of  289.9  gallons 

per  man-hour  and  1079.6  gallons  per  hour  was  received  at  20  plants  using 
this  system.  (3) 


least,  number  of  men,  but  these  plants  were  smaller  than  most  of  the 
othera  studied.  Systems  1,  2,  and  3  were  the  lowest  in  average  num¬ 
ber  of  gallons  handled  per  hour  and  per  man-hour 


CHECKING  IN  THE  ROUTES 

The  operation  of  verifying  the  driver’s  count  of  empty  bottles  and 

the°oufes°”S  Ts  ke<fn8  the  'Pattern  clear  is  called  “checking  in 
the  routes.  As  a  rule,  the  driver  sets  the  bottles  on  the  platform 

or  on  conveyors  or  trucks,  if  they  are  used;  and  the  checker  if^r 

ven  ymg  the  driver’s  count,  transfers  the  bottles  to  another  pe  nt 

In  some  cases,  however,  he  transfers  the  bottles  from  the  platfom 

to  the  conveyors  or  trucks.  He  also  usually  dumps  or  otherw.1  taS 
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care  of  the  unsold  goods  which  are  returned.  The  time  required  for 
the  latter  work,  however,  is  not  included  in  the  time  required  to  check 
in  the  routes.  From  a  study  carried  on  at  82  plants,  the  following  clas¬ 
sifications  have  been  made  of  the  systems  used  in  checking  in  routes:  (3) 


Fia  68.— Receiving  milk  at  a  plant  using  system  4.  At  seven  plants  using  this 
system  an  average  of  1506.1  gallons  per  hour  and  613.4  gallons  per  man-hour 

was  received.  (3) 


1  Bottles  are  checked  in  on  a  gravity  conveyor  which  leads  to  the 
bottle-washing  room  or  an  adjoining  storage  room  where  they  are 
stacked  by  the  checkers.  They  are  later  removed  from  the  stacks  by 
the  bottle-washing  crew  and  transferred  to  the  washer  or  to  a  corn(T°J 
leading  to  it.  This  system  is  used  at  plants  where  the  bottles  are  no 

checked  in  and  gashed  in  one  ^  nd 

ltd  stacketTbecaus^i th^pintr.and  quarts  cannot  be  washed  at  the 

Sam3e  Bottles  are  put  on  one conveyor  by  ^rivers,* “bott.eJ, “ 
is  verified  they  go  direct  to  ■  •  ,  tj,e  washer  to  handle, 

Snt  inpracticlllyaSThe  plants  in  this  group  only  one  bottle-washing 
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unit  is  used.  Stacking  is  also  necessary  in  most  of  the  plants  because 
pints  and  quarts  cannot  be  washed  at  the  same  time. 

4.  Same  as  system  3  except  that  two  or  more  conveyors  are  used. 
In  some  cases  all  the  bottles  from  one  wagon  are  unloaded  at  one  con¬ 
veyor,  whereas  in  others  pints  are  unloaded  at  one  conveyor  and  quarts 
at  another.  In  either  case  two  or  more  routes  may  be  checked  in  at 
the  same  time.  The  continuous  or  direct  system  of  washing  and  filling 
is  generally  used. 

5.  Bottles  are  unloaded  and  checked  on  the  receiving  platform  at 
three  or  more  points.  Quart  bottles  are  usually  checked  in  at  one  point, 
pints  at  another,  unsold  goods  at  another,  and  so  on,  the  driver  going 
from  one  point  to  the  next  and  several  routes  being  checked  in  at  the 
same  time. 

6.  Bottles  are  unloaded  and  checked  on  the  platform  close  to  the 
washer  so  that  very  little  transferring  is  required.  This  system  is 
adaptable  only  to  small  plants  where  the  washer  can  be  located  in  close 
proximity  to  the  checking-in  platform. 

7.  Bottles  are  unloaded  and  checked  on  the  platform,  and  the  stacks 
of  bottles  are  dragged  back  with  hooks  or  by  hand  by  the  checkers  to 
the  washing  room  or  adjoining  storage  space.  As  this  is  a  slow  process, 
the  routes  cannot  be  checked  in  at  a  very  rapid  rate.  Since  the  washing 
room  is  usually  nearby,  the  distance  that  the  stacks  of  bottles  must  be 
transferred  is  short. 

8.  Bottles  are  checked  in  and  stacked  on  the  platform  and  are  then  sent 
on  conveyors  to  the  washers  by  the  checkers.  At  two  of  the  three  plants 
in  this  group  the  bottles  were  sent  to  another  floor  to  be  washed.  At 
another  plant  they  were  checked  in  on  a  long  platform  at  a  considerable 
distance  from  the  washing  room.  The  two  departments  were  so 
located,  however,  that  the  bottles  could  not  pass  in  a  straight  line 
directly  from  the  checking-in  platform  to  the  washer,  as  in  the  case  of 
systems  2,  3,  and  4.  At  this  plant  several  routes  could  be  checked  in  at 
the  same  time. 

9.  Bottles  are  checked  in  on  the  platform  and  transferred  to  the 
washing  room  or  adjoining  storage  space  by  means  of  lift  trucks,  dollv 
trucks,  or  the  ordinary  three-wheel  or  four-wheel  platform  trucks. 
I  he  lift  trucks  consist  of  platforms  with  skids  under  which  a  wheei 

is  rai?ed  ^  the  lever  of  the  truck;  and  it, 
thc:pf.u11  load  of  bottles,  is  wheeled  away  to  the  washing  or  storage 

m.  The  dolly  truck  is  a  small  truck  with  small  wheels  or  castors 

pushefawayty  hand.Can  USUa’'y  be  piled  °n  thiS  truck’  which  is  ‘hen 

10.  Bottles  are  checked  in  and  stacked  on  the  nlatform 

saur  saitas.-  :  E 

ijssusrsxz'k  Vs*  t* 
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TABLE  71 

Comparison  of  the  Results  Obtained  from  the  Use  of  10  Systems  of  Checking 

in  Routes  at  82  Plants  (3) 


System. 

Plants. 

Number. 

Routes  per  Plant. 

Checking-in  Requirements. 

Whole¬ 

sale. 

Number. 

Retail. 

Number. 

Total. 

Number. 

Men. 

Number. 

Hours. 

Number. 

Man¬ 

hours. 

Number. 

Per 

Route. 

Minutes. 

2 

8 

2.1 

71.1 

73.2 

2.8 

3.2 

9.0 

2.7 

6 

7 

.3 

21.7 

22.0 

1.3 

2.8 

3.3 

7.6 

5 

4 

152.3 

152.3 

7.0 

3.8 

27.0 

1.5 

3 

18 

5.0 

57.9 

62.9 

2.5 

4.3 

11.4  . 

4.5 

7 

11 

2.5 

30.0 

32.5 

1.9 

2.9 

6.3 

5.3 

4 

5 

8.6 

93.2 

101.8 

5.8 

4.2 

25.4 

2.5 

1 

12 

4.8 

58.5 

63.3 

3.4 

4.8 

16.7 

5.2 

9 

10 

7.0 

39.4 

46.4 

3.2 

4.6 

12.8 

5.9 

10 

4 

18.0 

46.0 

64.0 

3.0 

6.6 

20.2 

6.2 

8 

3 

10.3 

60.7 

71.0 

5.0 

5.2 

25.5 

4.4 

Routes  Checked  in 
per — 


Man-hours  Sorting 
and  Getting  Bottles 
to  Washer. 


Time  Required  per 
100  Routes  for — 


System. 


2 

6 

5 

3 

7 

4 
1 
9 

10 

8 


Hour. 

Number. 

Man¬ 

hour. 

Number. 

22.5 

8.1 

7.9 

6.7 

40.6 

5.6 

14.5 

5.5 

11.4 

5.2 

24.5 

4.0 

11.5 

3.8 

10. 1 

3.6 

9.7 

3.2 

13.7 

2.8 

Number. 

Per  Cent.* 

Routes 
per  Man¬ 
hour,  t 
Number. 

9.1 

50.3 

4.1 

1.4 

29.8 

4.7 

27.6 

50.5 

2.8 

11.1 

49.3 

2.8 

5.8 

47.9 

2.7 

19.8 

43.8 

2.3 

14.8 

47.0 

2.0 

16.2 

55.9 

1.6 

22.9 

53.1 

1.5 

27.7 

52. 1 

1.3 

Checking 
in  Alone. 
Man¬ 
hours. 

Checking  in  In¬ 
cluding  Sorting 
and  Getting 
Bottles  to 
Washers. 
Man-hours. 

12.4 

24.4 

14.9 

21.3 

17.9 

35.7 

18.2 

35.7 

19.2 

37.0 

25.0 

43.5 

26.3 

50.0 

27.8 

62.5 

31.3 

66.7 

35.7 

76.9 

♦  Per  cent  of  total  man-hours  used  for  checking  in,  sorting,  and  getting  bottles  to  washers, 
f  Including  sorting  and  getting  bottles  to  washers. 


Comparison  of  Different  Systems  as  to  Time  and  Labor  Required. 

Table  71  shows  the  results  of  a  study  of  the  systems  used  in  chcckl”« 
in  routes  at  82  plants.  The  table  is  arranged  according  to  the  effi¬ 
ciency  of  the  systems  in  respect  to  the  number  of  routes  checked  in  per 


man-hour. 

In  the  last  column  of  this  table  are 
hours  required  to  check  in  100  routes, 


shown  the  total  number  of  man- 
to  sort  the  bottles,  and  to  get 
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them  to  the  washer.  This  is  the  most  important  column  in  the  table 
by  which  to  determine  the  most  economical  system  of  checking  in 


Fig.  69. — Unloading  bottles  on  a  conveyor  at  a  plant  using  system  2.  An  average 
of  22.5  routes  per  hour  and  8.1  routes  per  man-hour  was  checked  in  at  eight 
plants  using  this  system.  (3) 


routes  as  regards  labor.  In  some  plants  the  routes  may  be  checked 
in  at  a  low  labor  cost,  but  much  additional  labor  may  be  required  to 


Fio.  70.  Checking  in  routes  at  a  plant  usine  svstem  s  ‘ 

was  checked  in  per  h  J  at  four  plT X  fcS 
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transfer  the  bottles  from  the  checking-in  platform  to  the  bottle  washers, 
in  which  case  the  system  cannot  be  considered  economical  of  labor. 


jrIQ  7i _ — a  line  of  wagons  waiting  to  be  checked  in  at  the  plant  shown  in  Fig.  70. 


72  -Checking  in  rentes  at  plant  using  system  7.  At  11  plants  using  tins 
system  an  average  of  11.4  routes  was  checked  m  per  hour.  (3) 


Relation  of  Size  of  Plant  to  System  Used.-It  is  desirable  for  plants  of 
which  are  the  most  economical  m  the  use  ol  tim  .  g 
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relation  of  the  size  of  plant  to  the  system  used  at  the  plants  studied. 
Dotted  line  A-B  connects  the  blocks  representing  the  average  number 
of  routes  operated  by  the  groups  of  plants  using  the  various  systems  of 
checking  in  and  dotted  line  C-D  connects  the  blocks  representing  the 
average  number  of  routes  checked  in  per  hour  by  these  systems. 

The  lines  are  far  apart  for  systems  8,  10,  and  1,  and  they  are  very 
close  together  for  systems  6  and  7.  Systems  8,  10,  and  1  are  less  effi¬ 
cient  as  to  time  required  per  route  than  would  be  expected  from  the 
number  of  routes  at  the  plants  in  these  groups.  The  use  of  system  8 
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Fig.  73. 


Relation  of  average  number  of  routes  checked  in  per  hour  (C-D)  to  the 
size  of  plant  (A-B).  (3). 

is  due  more  to  the  peculiar  arrangement  of  the  particular  plants  than  to 
the  economy  of  the  system.  The  plants  using  system  1  were  not  so 
arranged  and  the  operations  were  not  so  coordinated  that  the  bottles 
could  pass  directly  to  the  bottle  washers  from  the  checking-in  platform 
The  use  of  system  10  is  restricted  to  a  certain  locality  where  custom 

its  existence  end"d°°r  Wag0DS  Seemed  to  ^  the  Principal  reasons  for 

Systems  6  and  7,  at  which  the  dotted  lines  in  the  figure  come  very 
cose  oge  ler,  are  adaptable  only  to  small  plants.  Where  only  a 
ew  routes  are  to  be  checked  in,  there  is  no  necessity  for  LtalLg 
onveyors  or  for  any  special  arrangement  as  long  as  the  bottle  washed 
close  to  the  receiving  platform.  System  7,  as  the  lines  in  the  figure 
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indicate,  is  used  at  slightly  larger  plants  than  is  system  6.  This  is 
due  to  the  fact  that  with  the  former  system  the  cases  of  bottles  are 
pulled  out  of  the  way  immediately. 

Fig.  74  shows  the  relation  between  the  number  of  man-hours 
required  for  checking  in  alone  at  plants  using  the  systems  previously 
described  and  the  total  number  of  man-hours  required  for  checking 
in  the  routes,  sorting  the  bottles,  and  getting  them  to  the  washer. 


3  7  4 

System  Used 

Fio.  74.— Comparison  of  the  labor  required  for  checking  in  alone  (C-D) 'With  that 
required  for  checking  in  the  routes,  sorting  the  bottles,  and  getting  them  to  the 
washers  at  plants  using  various  systems  ( A-B ).  (3) 

The  systems  are  arranged  in  order  of  greatest  economy  as  to  Libor 
required  for  checking  in  alone. 

Fie  74  shows  that  a  comparatively  large  amount  of  labor  was 
required  to  get  the  bottles  to  the  washers  at  the  plants  using  systems 
1  9  10  and  8  With  system  1  considerable  time  was  used  to  transfer 
the ’bottles  from  the  storage  room  to  the  washer.  Since  trucks  were 
used  with  systems  9  and  10,  much  handling  was  necessary  before  the 
bottles  reached  the  washers.  In  the  case  of  system  8,  the  large  num 
Lr“  men  required  in  getting  the  bottles  to  the  washers  was  due 

to  the  transferring  from  the  stacks  to  the  conveyor,  ea 
washers.  Only  a  small  amount  of  labor  was  requ.red  to  get  the  bottles 
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to  the  washer  at  the  plants  using  system  6  because  with  this  system  the 
bottles  are  unloaded  close  to  the  washer. 


Fig.  75.  Checking  in  routes  at  a  plant  using  system  10.  An  average  of  only  9.7 
routes  per  hour  and  3.2  routes  per  man-hour  was  checked  in  at  four  plants 
using  this  system.  (3) 


Fig.  76. 


V  -wraRe  °f  101  — 

per  nour  at  10  plants  using  this  system.  (3) 
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CHECKING  OUT  THE  ROUTES 

The  time  required  to  check  out  a  given  number  of  routes  depends 
a  good  deal  on  the  system  used.  In  a  study  carried  on  at  93  milk 
plants  the  following  8  systems  for  checking  out  the  routes  were 
found:  (1)  Direct  from  the  storage  room  through  one  door  or  chute; 
(2)  use  of  barrel  or  warehouse  trucks; 1  (3)  direct  from  the  storage  room 


pIQ  77. — Loading  a  delivery  wagon  at  a  plant  checking  out  routes  through  two 
doors  or  chutes.  (Only  one  chute  was  in  use  at  the  time  the  photograph  was 
taken.)  An  average  of  13.6  wagons  per  hour  was  loaded  at  24  plants  using 
this  system,  and  the  average  time  required  to  load  one  wagon  varied  from 
2.7  to  7.9  minutes.  (3) 

through  two  doors  or  chutes;  (4)  use  of  wheel  platform  or  dolly  trucks;1 
(5)  use  of  lift  trucks;  1  (6)  direct  from  storage  room  through  three  doors 
or  chutes;  (7)  direct  from  storage  room  through  four  or  more  doors  or 
chutes;  and  (8)  from  seven  or  more  loading  points. 


COMPARISON  OF  DIFFERENT  SYSTEMS  AS  TO  LABOR  AND  TIME 

REQUIRED 

Table  72  shows  a  summary  of  the  results  obtained  at  93  plants 
using  the  eight  systems  of  checking  out  the  routes.  T  e  sys 
the  table  are  arranged  in  the  order  of  the  number  of  routes  checked 

1  A  description  of  these  trucks  is  given  on  p.  255. 
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Fig.  78. — Checking  out  routes  at  a  plant  using  four  or  more  doors  or  chutes.  An 
average  of  42.3  routes  per  hour  and  4.4  routes  per  man-hour  was  checked  out 
at  10  plants  using  this  system.  (3) 


Fra.  79-  Checking  out  routes  at  a  plant  using  seven  or  more  loading  points 
”  USlng  th,s  S-V3tcm  an  overage  of  53.8  route,  was  checked  ou. 


At 

per 


out  por  hour.  This  arrangement  is  also  in  accordance  with  the  average 
number  of  routes  at  the  plants,  except  in  the  case  of  systems  2  and  5 
indicating  that  as  a  rule  the  larger  dealers  have  adopted  systems  which 
are  the  most  economical  as  to  the  time  required 
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TABLE  72 

Comparison  of  Different  Systems  of  Checking  Out  Routes  as  to  Labor 

and  Time  Required  (3) 


Routes. 

• 

Men 

Hours 

Group. 

System  Used. 

Plants. 

Em- 

of 

Whole- 

Retail. 

Total. 

ployed. 

Work. 

sale. 

Number. 

Number. 

Number. 

Number. 

Number. 

Number. 

1 

One  chute  direct  to  wagon.  .  .  . 

19 

1.7 

23.5 

23.2 

1.9 

2.5 

2 

Barrel  or  warehouse  trucks. . . . 

6 

13.8 

40.8 

54.7 

6.0 

5.0 

3 

24 

4.1 

44.2 

48.3 

2.9 

3.6 

4 

Wheel  platform  and  dolly 

6 

6.7 

45.3 

52.0 

3.5 

3.6 

5 

7 

0.3 

33.1 

33.4 

5.7 

1.9 

6 

7 

14 

2.1 

77.9 

79.9 

6.4 

2.6 

Four  or  more  chutes  to  wagon. 

10 

9.1 

119.9 

129.0 

8.2 

3.1 

8 

Loading  from  seven  or  more 

3.0 

7 

2.1 

157.3 

159.4 

13.6 

Mafi- 

Routes 

Routes  per 

Time  Required 

Man-hour. 

per  Route. 

Group. 

System  Used. 

hours.* 

Hour.f 

Num- 

Num- 

Num- 

Num- 

Min- 

Min- 

ber. 

ber. 

ber.* 

ber.f 

utes.J 

utes.  § 

1 

One  chute  direct  to  wagon .... 

4.9 

10.0 

5.1 

5. 1 

6.0 

6.9 

5.7 

4.8 

2 

Barrel  or  warehouse  trucks. . . . 

32.8 

11.4 

10.9 

13.6 

1.7 

4.2 

1.8 

4.5 

5. 5 
4.4 

<5 

4 

Wheel  platform  and  dolly 

16.8 

14.5 

3.1 

3.8 

4.1 

8.7 

3.6 

2.0 

16.6 

18.0 

2.0 

3.1 

3.3 

19.1 

30.7 

4.2 

4.7 

2.0 

6 

7 

Four  or  more  chutes  to  wagon. . 

29.0 

42.3 

4.4 

4.9 

1.4 

1.5 

8 

Loading  from  seven  or  more 

40.5 

53.8 

3.9 

4.0 

1.1 

i.i 

*  Man-hours  required  for  putting  up  orders  is 
f  Man-hours  required  for  putting  up  orders  is 
l  Weighted  average. 

§  Average  of  averages. 


included, 
not  considered. 


As  a  rule  the  greatest  number  of  men  is  required  to  operate  the 
systems  which  are  most  efficient  as  to  time  required  per  route^ 
the  number  of  chutes  or  loading  points  is  increased,  h 
men  must  be  correspondingly  increased.  It  is  desirable  that  all  he 
,  ,  i  i  nllt  ;n  three  or  four  hours,  and  large  plants  must 

»  r*  «“  ~  “ 

time,  even  though  more  men  are  required. 
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EFFECT  OF  PLANT  ARRANGEMENT  ON  BREAKAGE  OF  BOTTLES 

Studies  were  made  by  the  Bureau  of  Dairy  Industry  at  over  150  city 
milk  plants  to  determine  the  effect  of  the  plant  arrangement  and  equip¬ 
ment  on  the  bottle  breakage.  The  broken  glass  was  collected  at  the 

following  points: 

1.  Checking-in  platform. 

2.  Feed  end  of  washer. 

3.  Discharge  end  of  washer. 

4.  Fillers. 

5.  Milk-storage  room. 

The  glass  was  weighed  and  the  results  expressed  in  pounds  of  glass 
per  1000  bottles  filled.  The  amounts  of  breakage  varied  at  different 
plants  from  5  pounds  to  30  pounds  per  1000  bottles  filled.  Table  73 

TABLE  73 

Comparison  of  Bottle  Breakage  at  Plants  Washing  Bottles  on  Different 

Floor  Levels 


Number 

Bottles 

Pounds  of  Glass  Broken  per  1000 
Bottles  Filled. 

Location  of  Washer. 

of 

Plants. 

Filled. 

Daily. 

Before 

Washing. 

At  Discharge 
of  Washers 
and  at  Fillers. 

Total 

Plant 

Breakage. 

Street  floor . 

Basement  (bottles  delivered 
on  street  floor  by  washer 

64 

41,126 

3.7 

5.6 

10.2 

itself) . 

Second  floor  (bottles  sent 

13 

68,708 

4.8 

5.6 

11.4 

to  street  floor  to  be  filled) 
Basement  (bottles  not  de¬ 
livered  by  washer  to  the 
filling  room  on  the  street 

17 

62,010 

5.3 

7.3 

14.4 

floor)  . 

4 

56,079 

8.5 

13.9 

24.3 

shows  the  results  obtained  at  plants  with  the  bottle  washers  located  on 

fhe'boHl  '  n°‘ed  that  the  leaSt  breakaSe  °<>™rred  where 

the  bottles  were  washed  on  the  street  floor. 

The  following  is  a  summary  of  some  of  the  results  of  the  study 
The  bottle  breakage  in  the  plant  depended  to  a  large  degree  on  the 
plant  arrangement  and  the  equipment  used. 
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The  size  of  the  plant  was  not  a  determining  factor  in  the  amount  of 
breakage. 

There  was  a  direct  relation  between  the  number  of  transfers  from 
floor  to  floor  and  the  amount  of  breakage.  As  a  rule,  at  plants  where 
bottles  were  moved  to  the  basement  to  be  washed,  the  breakage  was 
greater  where  gravity  conveyors  were  used  than  where  the  transfer  was 
made  by  power-controlled  conveyors.  Where  the  bottles  were  sent 
upstairs  to  be  washed,  both  the  breakage  before  washing  and  the  total 
breakage  were  greater  than  where  the  bottles  were  washed  on  the 
ground  floor  or  in  the  basement,  provided  that  in  the  latter  case  the 
bottles  were  delivered  on  the  street  floor  by  the  washer  itself.  Where 
the  filled  bottles  were  transferred  to  the  milk-storage  room  on  a  floor 
below,  the  breakage  in  the  milk-storage  room  was  greater  than  where 
both  the  filling  room  and  milk-storage  room  were  on  the  street  floor 
and  there  was  no  transfer  between  floors.  At  the  plants  which  had  the 
milk-storage  room  on  a  floor  below  the  filling  room,  the  breakage  was 
greater  when  the  transfer  was  made  over  straight  or  spiral  gravity  con¬ 
veyors  than  where  the  transfer  was  made  over  power-controlled  con¬ 
veyors. 

Both  the  breakage  before  washing  and  the  total  breakage  were 
greater  where  trucks  were  used  to  transfer  the  bottles  from  the  checking- 
in  platform  to  the  washer  than  where  conveyors  were  used  to  make  the 
transfer  with  a  minimum  of  stacking  of  the  bottles.  Where  the  bottle 
washer  was  located  at  a  point  close  to  the  checking-in  platform  the 
breakage  was  less  than  where  conveyors  were  used.  At  plants  so 
arranged  that  there  was  a  large  amount  of  stacking  of  the  bottles  from 
the  conveyors,  the  breakage  was  greater  than  at  the  plants  at  which  the 

bottles  were  transferred  by  trucks. 

At  plants  using  the  direct  system  of  washing  and  filling  bottles,  both 
the  total  breakage  and  the  breakage  at  the  discharge  of  the  washers 
and  at  the  fillers  were  less  than  at  the  plants  using  the  indirect  or  semi- 
direct  systems.  The  breakage  with  the  semi-direct  system  was  greater 
than  with  the  indirect  system.  Sudden  changes  in  temperatures  of 
heating  or  cooling  media  naturally  caused  breakage  of  bottles. 

When  cases  of  bottled  milk  were  transferred  for  considerable  dis¬ 
tances  on  conveyors,  the  breakage  was  greater  at  the  plants  using 
gravity  conveyors  than  at  those  where  power  conveyors  were  used. 
Where  gravity  conveyors  are  used,  however,  much  breakage  can  e 
prevented  if  automatic  stops  are  installed  which  will  shut  off  the  flow 

of  bottles  on  the  conveyor  when  it  becomes  full. 

Well-designed  cases  and  cases  in  good  repair  tended  to  reduce 

bottle  breakage. 
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At  the  particular  plants  studied,  more  quarts,  on  the  average,  were 
broken  per  1000  handled  than  containers  of  other  sizes,  and  more  jars 
than  pints  per  1000  handled. 

Division  into  Rooms. — From  the  standpoints  of  sanitation  and 
economy  of  operation,  a  division  into  rooms  is  essential.  In  many  small 
plants,  the  greater  part  of  the  work  is  done  in  one  room,  but  in  the  larger 
and  more  modern  plants  a  special  room  is  provided  for  each  operation. 
Each  room  should  be  laid  out  and  constructed  for  the  particular  pur¬ 
pose  for  which  it  is  designed. 

Receiving  Room. — In  the  receiving  room  the  milk  is  inspected,  sam¬ 
pled,  and  weighed.  This  room  contains  the  weigh  tank,  scales,  and  milk¬ 
sampling  outfit,  and  should  be  screened  and  separate  from  the  other 
parts  of  the  plant.  After  the  cans  are  dumped  they  are  drained,  washed, 
steamed,  and  returned.  The  can-washing  apparatus  should  be  located 
either  in  the  receiving  room  or  in  a  room  adjoining  it. 

Handling  Room. — In  the  milk-handling  room  are  usually  located  the 
clarifier,  pasteurizer,  coolers,  and  fillers  and  cappers,  though  in  some 
plants  the  bottle-filling  department  is  in  a  room  separate  from  the  rest 
of  the  handling  room.  It  is  important  that  the  milk-handling  room  be 
separate  from  the  other  rooms. 

Bottle-washing  Room. — This  room  should  be  separate,  so  that  no 
steam  or  foul  air  can  pass  into  the  rooms  where  milk  is  handled. 

Clean-bottle  Storage  Room. — Between  the  bottle-washing  room  and 
the  filling  room,  some  plants  have  a  clean-bottle  storage  room  where 
bottles  are  stored  after  being  washed.  This  room  must  be  cool  and  kept 
strictly  clean,  so  that  the  bottles  can  cool  and  be  kept  free  from  dust  or 
dirt.  This  room  is  not  required  where  the  direct  system  of  washing 
and  filling  bottles  is  used. 

Milk-storage  Room.  A  well-insulated  cold-storage  room  is  necessary 
to  keep  the  milk  cold  after  it  is  put  into  bottles.  The  construction  of 
cold-storage  rooms  is  discussed  on  pages  381  and  382. 


Salesroom.  The  salesroom  at  the  front  of  the  building  should  be 
attractive  in  appearance  and  should  contain  a  counter,  a  refrigerator 
and  perhaps  a  few  chairs  and  tables  for  customers. 

Driver’s  Room.— A  room  connected  with  the  office  should  bo  nrn. 


while  large  ones  require  a  complete  laboratory  with 
chemical  and  bacteriological  equipment. 


a  full  supply  of 
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By-products  Room.  Space  should  be  provided  for  handling  by-prod¬ 
ucts.  In  small  plants,  this  may  be  done  in  the  milk-handling  room,  as 
only  small  quantities  of  butter,  cottage  cheese,  and  butter-milk  are  made. 


Fia.  80. — Clean  bottle  storage  room. 


In  medium-sized  or  large  plants,  however,  one  or  more  separate  rooms 
are  required  for  the  by-products  department. 

Size  of  Rooms. — Each  room  in  the  plant  should  be  large  enough  to 
avoid  crowding  the  machinery  or  workmen,  but  there  should  be  no 


Fig.  81.— Milk  sales  room  at  city  plant. 


unused  space,  for  this  causes  extra  labor  in  getting  from  one  piece  of 
apparatus  to  another. 

In  Table  74  are  shown  measurements  made  of  five  well-arranged 
plants.  An  idea  may  be  obtained  from  this  table  as  to  the  size  of 

rooms  necessary. 
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TABLE  74 

Floor  Space  in  Various  Rooms  of  Five  Well-arranged  Plants  of 

Various  Sizes  (1) 


Quantity 

of 

Bottled 

Milk 

Handled 

Daily. 

Gallons. 

Receiving 

Room. 

Sq.  Ft, 

Bottle- 

washing 

Room. 

Sq.  Ft. 

Pasteur¬ 

izing 

Room. 

Sq.  Ft. 

Bottling 

Room. 

Sq.  Ft. 

Total  Area 
for  Receiving, 
Washing, 
Pasteurizing 
and  Bottling 
Rooms. 

Sq.  Ft. 

Milk 

Storage 

Room. 

Sq.  Ft. 

Clean- 

bottle 

Storage 

Room.* 

Sq.  Ft. 

1000 

400 

600 

500 

300 

1800 

450 

400 

1500 

700 

550 

375 

1625 

550 

3000 

900 

1050 

1300 

1200 

4450 

1200 

750 

4000 

460 

1886 

540 

700 

3586 

1426 

540 

6000 

1200 

1908 

720 

720 

4548 

1110 

720 

*  Where  the  direct  system  of  washing  and  filling  bottles  is  used,  this  room  is  not  needed,  but 
this  space  would  be  added  to  the  bottle-washing  room. 


Fig.  82— Drivers’  room  at  city  milk  plant. 


Even  in  these  modern  plants,  there  is  no  uniformity  as  to  the  size 
of  the  rooms  in  relation  to  the  quantity  of  milk  handled  The  size 
required  will,  of  course,  depend  also  on  the  methods  of  handling  the  milk 
The  plant  handling  4000  gallons  daily  had  a  comparatively  small  nasi 
teunzmg  room,  although  the  total  area  of  the  handling  rooms  was  ample 
The  plant  handling  3000  gallons  daily  had  space  enough  to  handle  con¬ 
siderably  more  than  this  quantity.  The  milk-storage  room  and  clean 
bottle  storage  room  in  the  plant  handling  6000  gallons  daily  were  hardly 


270  CITY  MILK  PLANT— CONSTRUCTION  AND  ARRANGEMENT 


large  enough  for  this  quantity  of  milk,  but  some  of  the  milk  was  sent 
out  directly  on  the  delivery  wagons,  and  so  less  storage  space  was 
required. 


Fig.  83. — Milk  plant  laboratory  for  checking  the  chemical  and  bacterial  quality 

of  milk  received  and  sold. 

The  figures  in  the  table,  besides  giving  an  idea  of  the  space  required, 
also  effectually  illustrate  the  lack  of  standardization,  even  in  modern 
milk  plants. 
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Driveway  I  1 

Fig.  84. — Floor  plans  of  plant  handling  approximately  4000  gallons  of  milk  daily,  illustrating  economical  use  of  space  by  the  careful  arrange¬ 
ment  of  rooms  and  equipment.  The  floor  space  in  this  plant  is  less  than  one-third  as  great,  and  the  labor  only  about  half  as  great,  as  that 
at  another  plant  of  three  stories  handling  about  the  same  quantity  of  milk.  Milk  pumps  and  piping  are,  however,  excessive. 


Driveway  or  Alley 


t- 
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*  New  Jersey  Dept,  of  Health,  Trenton, 
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Fig.  86.  First  floor  plan  of  a  modern  milk  plant. 


*  Where  the  direct  system  of  washing  and  filline  bottles  is  „spri  ih*  i 

“d  not  be  This  EEs  " 


DRIVEWAY 
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Fig.  87. — Second  floor  plan  of  the  milk  plant  shown  in  Fig.  86. 


CHAPTER  XVII 


MILK-PLANT  EQUIPMENT 


SELECTION  OF  EQUIPMENT  (1) 


Before  making  plans  for  the  establishment  of  a  new  milk  plant 
or  the  rearrangement  of  an  old  one  the  amount  and  type  of  equip¬ 
ment  to  be  used  should  be  decided  upon.  Too  much  or  too  compli¬ 
cated  apparatus  is  often  provided.  In  many  cases  the  capacity  of 
the  machines  is  either  too  great  or  too  small  for  the  quantity  of  milk 
to  be  handled.  Such  mistakes  are  usually  detected  after  it  is  too 
late.  The  following  points  should  be  considered  when  selecting  the 
equipment: 

Simplicity. — The  equipment  should  contain  the  fewest  number  of 
parts  to  do  the  required  work  efficiently. 

Ease  of  Cleaning  and  Treating  to  Kill  Bacteria. — It  is  important  that 
all  milk  apparatus  be  cleaned  and  treated  to  kill  bacteria  daily.  If  this 
work  is  to  be  done  easily  and  properly  the  equipment  must  have  few 
inaccessible  parts. 

Ease  and  Economy  of  Operation—  Unless  a  machine  can  be  operated 
economically  it  will  be  a  liability  to  the  owner  rather  than  an  asset. 
If  it  can  be  operated  easily,  comparatively  little  attention  to  it  will  be 


required. 


Durability.  Apparatus  of  poor  quality  usually  is  costly  in  the  end  • 
durability  is  an  important  factor. 


depreciation  OF  EQUIPMENT  (1) 


care  given  it.  As  a  rule  it  receives 
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upon  the  original  con- 
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hard  and  constant  usage  and  depreciates  very  rapidly.  Further¬ 
more,  improvements  in  milk-plant  equipment  are  constantly  taking 
place.  It,  therefore,  becomes  obsolete  after  a  few  years  and  must  be 
replaced  by  more  modern  equipment. 

Table  75  gives  a  tabulation  of  the  replies  to  a  questionnaire  sent  to 
267  milk-plant  operators  regarding  the  average  annual  depreciation 
of  various  pieces  of  equipment  at  their  plants.  With  the  exception 
of  the  power-plant  equipment,  the  most  common  depreciation  for  the 
different  equipment  was  from  15  to  20  per  cent  per  year.  The  most 
common  depreciation  for  bottle  fillers  was  20  per  cent.  In  most 
plants,  therefore,  this  equipment  will  last  only  about  five  years  before 
it  must  be  replaced.  Bottle  washers  last  slightly  longer,  16.6  per 
cent  being  the  most  common  depreciation.  Fifteen  per  cent  annual 
depreciation  was  most  commonly  given  for  pasteurizing  apparatus, 
and  many  plants  have  as  low  a  depreciation  as  10  per  cent.  Power- 
plant  equipment  generally  lasts  longer  than  other  equipment  required 
for  milk  plants  because  it  is  more  durable  and  does  not  become  obso¬ 
lete  so  quickly.  Ten  per  cent  per  year  was  most  commonly  given  as 
the  depreciation  for  this  class  of  equipment. 


TABLE  75 

Annual  Depreciation  of  Various  Pieces  of  Equipment  at  Milk  Plants  of 

Different  Sizes  (1) 


Number  of 
Gallons  of  Milk 
Handled  Daily. 

Total  Number  of  Plants. 

Per  Cent  Annual  Depreciation  of — 

Bottle  Washers. 

Bottle  Fillers. 

Pasteurizer  and 
Cooler. 

Power-plant 

Equipment. 

4> 

bD 

03 

M 
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03 

U 
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o3 
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o 
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•+3 

GO 

O 
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500  or  less.. .  . 

501  to  1,000.  . 
1,001  to  2,000. 
2,001  to  3,000. 
3,001  to  5,000. 
5,001  to  10,000 

10,001  to  20,000 
Over  20,000. ... 

Total  or  average 

30 

27 

39 

26 

43 

56 

26 

20 

14.8 
15.  1 

15.9 

14.8 

15.8 

15.9 
16.2 
16.0 

10-25.0 

5-25.0 

5- 25.0 

6- 25.0 

7- 25.0 
7-30.0 

10-25.0 

10-33.3 

10.0 

15.0 

15.0 

15.0 

16.6 

20.0 

16.6 

16.6 

15.7 

15.0 

17.3 
15.9 

18.5 

17.5 

19.6 

18.4 

10-33.3 

8-25.0 

8-25.0 

10-25.0 

7-50.0 

10-30.0 

10-33.3 

12.5-33.3 

20 

20 

20 

20 

20 

20 

20 

20 

14.5 

14.0 

15.3 

13.9 

15.8 

15.3 

16.0 

15.8 

8.5-25.0 

10-20.0 

5- 25.0 

6- 25.0 

7- 25.0 

8- 25.0 
10-25.0 

8-33.3 

10.0 

10.0 

15.0 

15.0 

16.6 

15.0 

20.0 

16.6 

12.4 

13.0 

13.6 

12.2 

12.3 

11.3 
12.1 

9.7 

5-25 

5- 25 

8-25 

6- 20 
5-24 

5-25 

6.5-25 

5-15 

10 

10 

10 

10 

10 

10 

10 

10 

267 

15.6 

5-33.3 

16.6 

17.3 

7-50.0 

20 

15. 1 

5-33.3 

15.0 

12. 1 

5-25 

10 
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EQUIPMENT  REQUIRED  (1) 

In  general,  the  following  list  represents  the  principal  equipment 
required  for  the  typical  city  milk  plant: 

Weigh  can  and  scales. 

Can  washers. 

Receiving  vat. 

Storage  tanks  or  vats. 

Clarifier  or  filter. 

Pasteurizing  and  cooling  equipment,  with  apparatus  for  con¬ 
trolling  and  recording  the  temperatures. 

Fillers  and  cappers. 

Bottle  washers. 

Sanitary  milk  pumps,  piping,  etc. 

Labor-saving  devices,  such  as  conveyors  and  elevators. 

Boilers,  engines,  refrigerating  machinery,  motors,  etc. 

Cans,  bottles,  crates,  etc. 

Weigh  Can  and  Scales. — At  very  small  plants  the  milk  may  be 
weighed  in  the  cans  in  which  it  is  received,  in  which  case  the  weigh  can 
itself  will  not  be  needed. 


At  modmm-sized  and  large  plants  either  a  single  or  double  com 
partment  we.gh  can  may  be  used;  but  when  mill  is  revived  from 
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a  large  number  of  producers  much  time  may  be  saved  by  the  use  of 
a  double-compartment  can.  The  valves  through  which  the  milk  is 
released  from  the  weigh  can  should  be  large  so  that  the  milk  will  run 
out  quickly  and  the  operator  will  not  be  delayed  by  waiting. 

In  all  cases,  whether  milk  is  bought  by  the  gallon  or  by  the  pound, 
it  should  be  weighed.  If  it  is  bought  by  the  gallon  the  weight  may 
be  readily  converted  to  gallons;  in  fact,  there  are  scales  on  the  mar¬ 
ket  which  record  the  quantity  in  gallons  as  well  as  in  pounds. 

After  the  milk  of  each  producer  is  emptied  into  the  weigh  can  a 
sample  is  taken  for  the  purpose  of  determining  the  butterfat  content. 


A  sample  rack  is  shown  in  Fig.  88,  and  laboratory  equipment  for  deter¬ 
mining  the  butterfat  content  is  shown  ^  them  in  cold  water  to 

Can  Washers.TInwashmgcansfirst  nose  them  ^ 
remove  milk  adhering  to  t  cm  ,  and  dry.  In  small  plants 

a  washing  powder,  rinse  in  10  w  ,  ‘  ’  rinsed  in  cold  water 

^  can,  may  be  washed  as  solution.  They 

they  are  immersed  in  a  tank  con  g  after  which  they  are 

are  then  washed  inside  and  ^  ^  c,ean’  hot  water.  FinaUy, 

transferred  to  another  tan  Wch  hot  water  and  steam  are 

^dtto^m0^  can  should  he  steamed  at  least  45  seconds,  or 
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until  it  will  dry  immediately.  Very  satisfactory  results  may  be  obtained 
with  this  system  of  washing  cans  if  the  work  is  properly  done. 

Large  plants  must  have  can  washers  that  are  as  nearly  automatic 
as  possible  and  in  which  a  large  number  of  cans  can  be  washed  in  a 
short  time.  The  so-called  hydraulic  can  washer  (Fig.  90)  is  most 
commonly  used.  This  washer  consists  of  a  series  of  tanks  containing 
alkali  powder  washing  solutions  and  rinsing  waters.  As  the  cans 
travel  in  an  inverted  position  through  the  machine  they  pass  over  a 
series  of  jets  through  which  the  washing  solutions  and  rinsing  waters 
are  forced  from  the  tanks  below  by  means  of  powerful  pumps.  Next 
they  pass  over  steam  jets  through  which  live  steam  is  blown  into  them. 


Fig.  90.  Hydraulic  jet  can  washer  (powerful  pumps  are  used  with  this  type  of 
washer,  but  these  are  not  shown  in  this  illustration). 


The  next  step  is  the  drying  of  the  cans,  which  is  accomplished  by  a 
blast  of  hot  air  generated  by  blowing  air  through  a  chamber  containing 
steam  pipes.  The  drying  of  the  cans  is  very  important,  for  it  not  only 
improves  their  sanitary  condition  but  also  prevents  rust  and  thus  pro¬ 
longs  their  usefulness.  The  hydraulic  can  washers  may  be  of  either 

the  straightaway  or  the  circular  type,  the  latter  having  the  advantage 
of  requiring  less  floor  space.  ° 

Many  can  washers  have  a  device  in  the  first  section  into  which 
ny  milk  remaining  in  the  can  drains  and  is  saved.  Where  such  washers 

— -  •  i iz  i 
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drip  should  be  placed  under  all  apparatus  where  milk  is  apt  to  spill 
and  especially  under  the  filling  machines.  Although  the  milk  saved 
should  not  go  back  to  the  filler,  it  may  be  utilized  in  other  ways.  Table 
76  shows  the  quantity  of  milk  saved  by  drip  savers  at  several  plants. 

TABLE  76 

Quantity  of  Milk  Saved  by  Drip  Savers  at  Several  Plants 


Plant  No. 

Quantity 
of  Milk 
Dumped. 

Quantity  of  Milk 

Saved  with  Drip 
Saver. 

Gallons. 

Gallons. 

Per  Cent. 

1 

6000 

16 

0.266 

2 

4000 

15 

.375 

3 

3000 

12 

.400 

4 

2000 

6 

.300 

Receiving  Vat  and  Storage  Tanks  or  Vats. — From  the  weigh  can 
the  milk  is  released  by  a  valve  and  flows  by  gravity  to  a  receiving  vat. 
Only  a  small  vat  is  necessary  if  provision  is  made  for  storage  tanks  and 
a  pump  of  sufficient  capacity  to  pump  the  milk  to  the  storage  tanks  as 
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fast  as  it  comes  from  the  weigh  can.  At  small  plants  a  large  receiving 
vat  may  be  used  and  the  milk  pumped  from  it  direct  to  the  pasteurizing 
department.  A  larger  receiving  vat  will  be  required  if  a  continuous 
system  of  pasteurization  is  used  than  if  the  vat  system  of  pasteurization 
is  employed,  as  in  the  latter  case  the  milk  may  go  direct  to  the  pasteur¬ 
izing  vats,  but  with  the  former  system  some  of  the  milk  must  be  held 
in  the  receiving  vat  so  that  a  uniform  flow  to  the  pasteurizer  may  be 
maintained.  Such  a  receiving  vat  may  be  provided  with  revolving 
coils  containing  a  cooling  medium.  These  coils  also  mix  the  milk 
received  from  various  producers. 

At  large  plants  the  milk  generally  goes  from  the  receiving  vat 
to  large  storage  tanks  or  vats  either  by  gravity  or  by  means  of  a 


pump.  The  pump  should  be  large  enough  to  handle  the  milk  as 
fast  as  it  is  received  without  being  forced  and  should  be  of  sanitary 
construction.  Storage  tanks  such  as  those  shown  in  Fig.  91  are 
often  used  at  large  plants.  These  tanks  are  usually  provided  with 
an  outside  jacket  in  which  a  cooling  medium  can  be  circulated  and 
the  milk  held  at  a  low  temperature.  They  are  usually  lined  with 
enamel  or  other  smooth  material  so  that  they  can  be  readily  cleaned 
and  heat  treated.  These  tanks  may  be  installed  either  vertically  or 
horizontally,  the  latter  system  being  somewhat  more  desirable  from  the 
standpoint  of  accessibility  for  cleaning.  At  many  plants  milk  is  held 
for  several  hours  before  it  is  pasteurized,  and  in  such  instances  a  great 
saving  in  cans,  refrigeration,  labor,  and  floor  space  is  effected  by  the 
use  of  these  storage  tanks. 

Clarifier  or  Filter. — The  clarifier  is  used  to  remove  from  the  milk 
dirt  or  other  foreign  matter.  This  is  retained  in  the  machine  as  the  milk 
passes  through  it. 

I  able  77  shows  the  number  of  plants  of  various  sizes  clarifying  milk 
at  specified  locations.  The  temperatures  of  clarification  are  also 
shown.  It  will  be  noted  that  most  of  the  plants  either  clarified  the 
milk  cold  as  it  came  from  the  producers  or  from  the  storage  tanks, 
or  used  a  preheater,  in  which  case  the  milk  was  clarified  at  tempera¬ 
tures  usually  between  80°  and  90°  F.  Clarifying  cold  milk  tends 
to  produce  more  foam  than  when  a  preheater  is  used.  High  tempera¬ 
tures,  however,  have  a  tendency  to  injure  the  cream  line.  Recent 
improvements  in  the  machines  permit  the  use  of  the  low  temperature 
without  the  formation  of  much  foam. 

At  only  one  plant  was  the  clarifier  placed  between  the  heater  and  the 
holder,  and  at  only  two  plants  was  the  milk  clarified  after  the  pasteuriza- 
,on  process  was  completed.  The  latter  is  not  a  desirable  practice,  as 
rte  m.lk  should  reach  the  bottles  as  soon  as  possible  after  pasteurization 
with  a  minimum  of  intervening  apparatus. 
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TABLE  77 

Number  of  Plants  of  Various  Sizes  Clarifying  Milk  at  Specified  Locations 

and  Temperatures 


Plants  in  which  Clarifying  wras  Done — 


Number  of 
Gallons  of  Milk 
Handled  Daily. 

Total 
Num¬ 
ber  of 
Plants. 

Between  Receiving 
Tanks  and  Pasteurizer, 
with  no  Preheating. 

Between  Preheater  and 
Pasteurizer.* 

Between 

Heater 

and 

Holder, 
at  Pas¬ 
teurizing 
Temper¬ 
ature. 

Between 
Pasteur¬ 
izer  and 
Cooler, 
at  Pas¬ 
teurizing 
Temper¬ 
ature, 
with 
no  Pre¬ 
cooling. 

Num¬ 
ber  of 
Plants. 

Temperature 

(°F.) 

Num¬ 
ber  of 
Plants. 

Temperature 

(°F.) 

Aver¬ 

age. 

Range. 

Aver¬ 

age. 

Range. 

500  or  less .  .  . 

8 

5 

57.6 

50-63 

3 

90.0 

85-  95 

0 

0 

501  to  1,000.  . 

7 

5 

57.0 

55-60 

2 

97.5 

95-100 

0 

0 

1,001  to  2,000. 

5 

2 

60.0 

55-65 

2 

85.0 

85 

0 

1 

2,001  to  3,000. 

9 

2 

55.0 

55 

6 

88.0 

75-  95 

1 

0 

3,001  to  5,000. 

12 

5 

62.8 

39-85 

6 

83.8 

70-  95 

0 

1 

5,001  to  10,000 

9 

O 

65.0 

35 — 95 

6 

105.0 

90-115 

0 

0 

10,001  to  20,000 

5 

* 

47.3 

40-50 

1 

90.0 

90 

0 

0 

Over  20,000. . . . 

1 

1 

70.0 

70 

0 

0 

Total  or  aver- 

age . 

56 

26 

57.8 

35-95 

27 

91.0 

70-115 

1 

2 

*  In  some  cases  no  extra  equipment  for  preheating  was  used,  as  a  section  of  the  pasteurizer  was 
“by-passed”  for  this  purpose. 


The  clarifier  should  be  large  enough  to  handle  the  milk  as  fast 
as  it  is  received.  It  is  much  better  that  the  machine  be  too  large  than 
too  small,  as  in  the  latter  case  the  milk,  if  properly  clarified,  cannot 
be  sent  to  the  pasteurizers  and  bottling  machines  as  fast  as  they  can 


handle  it.  , 

The  filter  (page  348,  Fig.  117),  is  another  apparatus  designed  to 

remove  the  visible  dirt  from  the  milk.  Various  materials  are  used, 

but  the  most  common  are  cotton  pads  or  cloth  with  a  long-fiber  nap  on 

both  sides.  „  .  ;llr 

Table  78  shows  the  number  of  plants  of  various  sizes  filtering  milk 

at  the  specified  locations.  The  temperatures  of  filtration  are  also 
shown.  The  most  common  location  was  between  the  preheater  and 
the  pasteurizer.  Milk  can  be  filtered  efficiently  by  this  method,  and 
there  is  no  opportunity  to  recontammate  the  milk  y  e  or  a 
the  milk  has  been  pasteurized.  As  a  general  ru  e  less  effic.ent  re^'t 
are  obtained  by  filtering  the  milk  cold  than  by  first  heating  it.  Although 
milk  can  be  filtered  efficiently  at  the  pasteurizing  temperature,  it  is 
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TABLE  78 

Number  of  Plants  of  Various  Sizes  Filtering  Milk  at  Specified  Locations 

and  Temperatures 


Plants  in  Which  Filtering  Was  Done — 


Number  of 
Gallons  of 
Milk 
Handled 
Daily 

Total  Number  of  Plants 

Between  Re¬ 
ceiving  Tanks 
and  Pasteur¬ 
izer,  with  no 
Preheating 

Between  Pre¬ 
beater  and 
Pasteurizer  * 

Between 
Heater  and 
Holder,  at 
Tempera¬ 
ture  of — ■ 

Between  Pasteui 
and  Cooler 

With  Precooling 

At  Pasteurizing  Temper-  g 

ature,  with  no  Precooi-  ** 

ing 

Number  of  Plants 

Tempera¬ 
ture  (°  F.) 

Number  of  Plants 

Tempera¬ 
ture  (°  F.; 

145°  F. 

144°  F. 

1  143°  F. 

140°  F. 

Number  of  Plants 

Tempera¬ 
ture  (°  F.) 

Average 

Range 

|  Average 

Range 

Average 

Range 

500  or  less . 

30 

6 

65.0 

55-70 

5 

98.0 

85-125 

1 

2 

1 

0 

4 

107.5 

60-130 

11 

501  to  1,000 . 

18 

3 

61.0 

55-70 

5 

106.0 

90-120 

1 

0 

0 

1 

1 

125.0 

125 

7 

1,001  to  2,000 _ 

37 

6 

56.7 

50-60 

7 

99.0 

90-120 

6 

0 

4 

1 

6 

125.0 

100-135 

7 

2,001  to  3,000 _ 

30 

3 

55.0 

50-60 

13 

96.5 

70-137 

3 

0 

1 

1 

2 

129.0 

125-133 

7 

3,001  to  5,000 _ 

31 

9 

39.0 

38.40 

13 

102.3 

85-130 

1 

2 

3 

0 

0 

3 

5,001  to  10,000.  . 

49 

10 

39.  1 

38-40 

21 

110.  1 

90-125 

4 

2 

3 

3 

0 

6 

10,001  to  20,000.  . 

28 

2 

49.0 

40-58 

9 

119.0 

106-130 

2 

7 

3 

0 

0 

5 

Over  20,000 . 

22 

0 

10 

115.6 

100-125 

1 

8 

2 

0 

0 

1 

Total . 

245 

39 

49.2 

3S-70 

83 

106.5 

70-137 

19 

21 

17 

6 

13 

120.2 

60-135 

47 

*  8ome  cases  no  extra  equipment  for  preheating  is  used,  as  a  section  of  the  pasteurizer  is 
‘  by-passed”  for  this  purpose. 


more  desirable  from  a  sanitary  standpoint  to  filter  it  before  it  has 
been  heated  to  this  temperature,  and  in  no  case  is  it  desirable  to  filter 
it  after  pasteurization  has  been  completed. 

Many  types  of  filters  and  clarifiers  which  do  very  efficient  work  are 
on  the  market. 


Milk  Pumps.  One  or  more  milk  pumps  are  necessary  in  most  milk 
plants  It  is  very  important  that  they  be  of  proper  construction  and 
ept  clean.  Practically  no  injury  to  the  cream  line  seems  to  be  caused 
by  pumping  the  cold,  raw  milk  or  the  hot,  pasteurized  milk.  Pumping 
at  intermediate  temperatures,  however,  especially  between  60°  and  100° 
r .,  is  to  be  avoided,  as  it  tends  to  injure  the  cream  line. 

fa„,^  °f,,‘he  tr0“b'es  ^countered  with  milk  pumps  are  due  to 

Z  'll  fl  a0"'  ,Th°  contrifuSal  P«mP  should  be  used  only  when 
the  milk  flows  directly  to  the  pump.  It  lifts  the  milk  several  feet  and 

vorks  satisfactorily  in  pumping  the  milk  over  the  cooler,  provided  the 
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pump  is  so  placed  that  the  milk  flows  to  it.  Other  common  types  are 
the  piston  and  the  rotary  pumps,  the  latter  being  adaptable  where 
suction  is  required.  A  properly  operating  piston  pump  agitates  the 
milk  very  little  and  should  give  good  results. 

Pasteurizing  Machinery.— The  various  types  of  heaters  and  holders 
are  considered  in  Chapter  XX,  “  Pasteurization  of  Milk.” 


Fig.  92. — Open-surface  milk  cooler. 


Coolers. — Two  types  of  coolers  are  in  common  use — the  open-surface 
tubular  cooler  (Figs.  92  and  113)  and  the  internal-tubular  cooler 
(Figs.  91  and  97).  With  the  open-surface  cooler  the  milk  passes  over 
the  tubes  in  a  thin  film  and  the  cooling  medium  passes  through  these 
tubes.  This  cooler  is  so  constructed  that  water  can  be  used  in  the  top 
sections  and  brine  or  direct-expansion  ammonia  in  the  bottom  sections. 
Where  the  regenerative  system  of  pasteurization  is  used  the  cold,  raw 
milk  is  often  allowed  to  pass  through  the  inside  of  the  first  sections 

of  the  cooler.  .  . 

With  the  open-surface  cooler  the  milk  is  exposed  to  the  air  in  the 

room,  and  for  that  reason  the  air  should  be  kept  pure.  If  the  cooler 
is  covered  contamination  from  the  air  will  be  reduced.  It  is  more 
desirable,  however,  to  have  pure  air  in  the  room  where  the  coo  er 
is  located,  as  considerable  care  is  required  to  keep  the  covers  clean 
and  they  are  often  clumsy  to  handle.  If  covers  are  used  the  steriliza¬ 


tion  of  the  cooler  is  made  easier.  .  .  , 

The  internal-tubular  coolers  are  constructed  on  the  same  prmcip 
as  the  internal-tubular  heaters;  that  is,  the  milk  passes  throug  a 
pipe  which  is  itself  inclosed  in  a  pipe  or  jacket  containing  the  cooli  g 
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medium.  The  number  of  cooling  coils  required  is  about  double  that 
of  heating  coils.  With  this  type  of  cooler  the  milk  does  not  come  into 
contact  with  the  air  at  any  time.  There  is  no  loss  of  milk  from  evapora¬ 
tion,  therefore,  whereas  there  may  be  some  loss  from  this  source  with  the 

open  cooler,  especially  if  it  is  in  a  draft. 

It  is  easier  to  sterilize  the  internal-tubular  cooler  than  the  open- 
surface  cooler.  If  steam  is  introduced  into  the  former  and  the  appara¬ 
tus  closed  it  can  be  thoroughly  sterilized.  One  way  to  sterilize  the  sur¬ 
face  cooler  is  to  admit  steam  to  the  inside  of  the  tubes  and  at  the 
same  time  run  hot  water  over  the  outside  of  the  cooler.  The  hot  water 
will  be  vaporized  and  quite  thorough  sterilization  will  result.  A  some¬ 
what  better  cream  line  can  be  obtained  with  the  open-surface  cooler. 

Table  79  shows  the  number  of  plants  of  various  sizes  using  the 
specified  kinds  of  coolers.  Tubular  coolers  were  used  in  the  great  major¬ 
ity  of  plants,  and  the  open-surface  coolers  were  somewhat  more  com¬ 
mon  than  the  internal-tubular  coolers.  This  is  especially  true  in  the 
case  of  the  smaller  plants.  At  three  plants  the  milk  was  entirely  cooled 
in  vats.  This  is  not  a  desirable  practice  because  of  the  danger  of  injuring 
the  cream  line.  Three  of  the  plants  used  a  cooler  which  consists  of  a 
conically  shaped  drum  over  the  outside  of  which  the  milk  flows  in  a 
thin  film  with  the  cooling  medium  on  the  inside. 

The  capacity  of  the  milk  cooler  should  be  ample  to  cool  the  milk 
as  fast  as  it  comes  from  the  holder. 


TABLE  79 

Number  of  Plants  of  Various  Sizes  Using  Specified  Systems  of  Cooling  Milk 


Number  of  Gallons  of 
Milk  Handled  Daily. 

Total 
Number 
of  Plants. 

Plants  Cooling  Milk  with- 

Open- 

surface 

Tubular 

Cooler. 

Internal- 

tubular 

Cooler. 

Vat 

Cooler. 

Cone 

Cooler. 

500  or  less . 

33 

28 

3 

2 

0 

501  to  1,000  . . 

32 

25 

6 

0 

1 

1,001  to  2,000.  .  . 

45 

30 

15 

0 

o 

2,001  to  3,000. . 

38 

24 

14 

0 

o 

3,001  to  5,000.  .  . 

46 

26 

20 

0 

o 

5,001  to  10,000 . 

59 

27 

30 

1 

1 

10,001  to  20,000.  . 

30 

18 

11 

n 

1 

Over  20,000 . 

21 

12 

9 

0 

1 

0 

Total . 

304 

190 

108 

3 

3 
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In  practically  all  milk  coolers  the  temperature  of  the  hot,  pasteur¬ 
ized  milk  is  first  reduced  by  cold  water.  In  the  milk  regenerative 
system  1  it  is  first  reduced  by  the  incoming  cold,  raw  milk.  To  pre¬ 
cool  by  water,  coolers  are  so  constructed  that  water  can  be  used  as 
the  cooling  medium  in  the  first  section.  In  some  cases  there  are  two 
sections  for  the  circulation  of  water,  permitting  its  more  economical 
use.  In  the  remaining  section  either  direct-expansion  ammonia  or 
brine  is  used  as  the  refrigerating  medium.  In  the  first  case  the  lique¬ 
fied  ammonia  as  it  comes  from  the  compressor  is  expanded  directly  into 
the  cooling  coils  and  the  change  to  the  gaseous  state  absorbs  the  heat 
from  the  milk  flowing  over  the  outside  of  the  cooler.  A  special  type 
of  steel  tube  must  be  used  in  direct-expansion  coolers.  In  the  brine 
system  the  brine,  which  usually  consists  of  a  solution  of  calcium  chlor¬ 
ide  or  of  common  salt,  is  pumped  from  a  tank  through  the  cooling  coils. 
As  this  solution  has  a  low  freezing  point,  a  low  temperature  can  be  main¬ 
tained  without  danger  of  freezing  the  solution.  The  temperature  of 
the  brine  is  maintained  by  expanding  the  ammonia  into  coils  which  are 
placed  in  the  brine  tank  or  in  a  separate  brine  cooler.  Table  80  shows 
the  number  of  plants  of  various  sizes  using  the  specified  systems  of 
cooling  milk. 

TABLE  80 


Number  of  Plants  of  Various  Sizes  Using  Specified  Systems  of  Cooling  Milk* 


Number  of  Gallons  of 
Milk  Handled  Daily. 


'500  or  less 
501  to  1,000. . 
1,001  to  2,000.. 
2,001  to  3,000. . 
3,001  to  5,000. . 
5,001  to  10,000 
10,001  to  20,000 
Over  20,000 . 

Total . 


Total 
Number 
of  Plants. 


34 

31 
41 

35 
47 
60 

32 
21 


Plants  Cooling  Milk  with— 


Brine. 


30 
24 

31 
27 
35 
50 
23 
14 


234 


Direct 

Expan¬ 

sion. 


3 

6 

7 

6 

10 

10 

9 

6 


Both 

Brine  and 
Direct  Ex¬ 
pansion. 


0 

0 

3 

2 

1 

0 

0 

1 


Ice- 

Water. 


1 

1 

0 

0 

1 

0 

0 

0 


*  In  all  cases  water  was 


1  See  pages  350  and  351. 
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Brine  was  by  far  the  most  common  cooling  medium,  234  plants 
out  of  a  total  of  301  using  this  method  of  cooling.  Only  57  plants 
used  the  direct-expansion  method.  Among  the  advantages  of  he 
use  of  brine  over  the  use  of  the  direct^expansion  system  alone  are  the 
following:  (1)  Its  greater  elasticity— the  brine  can  be  stored  for  cool¬ 
ing  after  the  refrigerating  machine  has  been  shut  down  or  in  case  of  a 
breakdown;  (2)  the  fact  that  there  is  less  danger  of  freezing  the  milk 
on  the  cooling  pipes;  and  (3)  the  fact  that  special  tubes  are  not 

required  and  there  is  less  danger  of  leakage. 

The  direct-expansion  system  has  the  advantages  of  (1)  greater 
economy  at  plants  where  it  is  necessary  to  run  the  machine  continuously , 
as  less  refrigeration  will  be  lost  if  the  ammonia  goes  directly  to  the 
cooler  than  if  it  goes  through  the  secondary  brine  medium ;  (2)  simpler 
operation;  and  (3)  smaller  initial  expenditure  required  for  equipment. 

At  some  plants  direct-expansion  coils  are  used  in  the  milk-storage 
room,  and  brine  is  circulated  from  a  tank,  usually  in  the  storage  room, 


Fiq.  93.  Cabinet  Cooler  with  one  cover  removed,  showing  side  unit  of  three  sections. 

through  the  milk  cooler.  Whether  direct  expansion  or  brine  is  used 
in  cooling  the  milk,  it  is  always  desirable  to  use  water  in  the  first  few 
coils  of  the  cooler,  as  refrigeration  is  thus  saved.  In  some  plants, 
instead  of  using  brine  or  direct  expansion  for  cooling  the  milk,  water 
cooled  by  means  of  brine  coils  or  direct  expansion  coils  is  used.  In 
t  is  way  the  temperature  of  the  cooling  medium  is  accurately  regulated 
and  extreme  temperatures  are  avoided. 
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The  Cabinet  Cooler. — The  so-called  cabinet  cooler  has  recently  come 
on  the  market.  It  is  a  self-enclosed  outfit  consisting  of  several  series 
of  1-inch  tubes.  The  number  of  series  or  units  of  tubes  varies  from  7 
to  11  for  coolers  of  rated  capacities  of  from  12,000  to  20,000  pounds  per 
hour.  One  of  the  chief  advantages  of  this  cooler  is  the  small  floor 
space  required.  It  is  also  comparatively  easily  cleaned,  as  the  units 
of  tubes  can  be  moved  out  of  the  framework  of  the  apparatus.  Fig.  93 


Fig.  94. — Showing  the  accessibility  of  Cabinet  Cooler  for  cleaning  or  inspection, 
shows  the  cooler  with  one  cover  removed,  and  Fig.  94  shows  the  method 


°f  tome  Washer“-m  general  there  are  three  types  of 

-the  small  brush  washer,  the  hydraulic-pressure  in-the-case  bottle 

WaSThe  small trush^ washer  conTsts^f  (1)  a  tank,  which  is  filled  with 
power  and  onto  which  the  bottle 

SToiS  TweU  ans  of  M 

withtottater'andtteam^With  sITe  machines  this  is  accomplished 
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by  means  of  a  two-way  valve  through  which  first  hot  water  and  then 
live  steam  are  forced  into  the  bottles.  Other  machines  are  provided 
with  a  pump  which  forces  hot  water  into  the  bottles.  This  type  of 
washer  is  suitable  only  for  small  plants  and  is  not  in  very  general  use. 

The  hydraulic-pressure  in-the-case  bottle  washer  (Fig.  104)  consists  of 
a  series  of  tanks  containing  washing-powder  solutions  and  rinsing  waters. 
These  waters  are  forced  through  small  jets  into  the  bottles  by  powerful 
pumps.  Usually  the  first  tank  contains  a  lukewarm  rinsing  water,  the 


Fig.  95.  A  soaker  type  bottle  washer  in  use. 


second  tank  the  washing  solution,  and  the  other  tanks  hot  rinsing  waters 
The  temperature  of  the  last  water  is  at  or  near  the  boiling  point  and 
in  some  cases  the  bottles  receive  a  spray  of  steam.  One  man  usually 
feeds  the  cases  of  bottles  into  the  machine  and  another  man  takes  them 
out  at  the  other  end  and  piles  them  in  stacks  so  they  will  cool  Junk 

these' m0achinesr' d“ned  by 
Ration  and  washed  first  LZTand  LTZ 

the  pressure  washer  for  rinsing  and  steaming  sent  through 

It  is  very  important  that  the  proper  temperature  is  maintained 
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in  each  tank.  The  temperature  of  the  solution  in  the  first  tank  must 
not  be  so  high  as  to  break  the  bottles,  and  it  should  be  increased  in 
each  tank  so  that  the  final  one  will  be  kept  at  a  temperature  near  the 
boiling  point.  Care  must  also  be  taken  to  have  the  proper  solutions 
in  each  tank.  In  large  machines  the  first  tank  contains  a  strong 
alkali  solution,  the  second  a  milder  solution,  and  the  remaining  tanks 
rinsing  water. 

In  the  soaker  type  of  bottle  washer  (Fig.  95)  the  bottles  are  removed 
from  the  cases  and  fed  into  the  machine,  where  they  are  prerinsed  and 


Fio.  96. — Discharge  end  of  a  soaker  type  bottle  washer.  The  bottles  are  auto 
matically  conveyed  to  the  fillers  at  the  left. 


then  soaked  or  sprayed  with  two  or  more  solutions  containing  strong 
alkali,  which  acts  both  as  a  cleaning  and  as  a  bactena-killing  agen  . 
temperature  of  the  various  solutions  is  gradually  increased. 

After  this  process  the  bottles  are  brushed  on  the  outside.  In  some 
types  they  are  brushed  on  the  inside  also.  Where  no  brushes  are  used 
on  the  inside  of  the  bottles  the  bottles  are  subjected  to  sprays ^o  hot 
water  under  high  pressure.  With  one  type  air  is  mixed  with  these 

^Ifthisin^watCTSMe'then'forced'into  the  bottles.  The  temperatures 
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of  these  waters  are  gradually  reduced,  and  when  the  bottles  come  from 
the  final  water  they  are  cool  enough  to  be  filled  immediately.  In  some 
cases  a  bacteria-killing  agent  is  used  in  the  final  rinsing  water. 

After  the  bottles  come  from  the  machines  (Fig.  96)  they  are  trans¬ 
ferred  by  conveyors  directly  to  the  fillers.  The  cases,  when  empty,  are 
placed  on  a  conveyor  which  carries  them  through  a  case  washer  and 
thence  to  the  fillers.  Considerable  economies  in  labor  of  washing  and 
filling  the  bottles  are  effected  with  this  system,  as  no  handling  of  the 
bottles  between  the  washers  and  fillers  is  required. 

Table  81  shows  the  number  of  plants  of  various  sizes  using  the 
specified  systems  of  washing  bottles.  At  the  time  this  survey  was 
made  (1927)  the  plants  were  about  equally  divided  between  the  soaker 
type  and  the  in-the-case  type  of  bottle  washers.  The  use  of  the  latter, 
however,  is  gradually  being  discontinued  in  favor  of  the  former,  which 
requires  less  labor  for  washing  and  filling  the  bottles.  The  breakage 
of  bottles  is  also  less,  as  there  is  not  so  much  handling  of  bottles  and  the 
temperatures  are  usually  controlled  more  accurately. 

Only  a  few  small  plants  were  using  the  brush  washers. 


TABLE  81 


Number  of  Plants  of  Various  Sizes  Using  Specified  Systems  of  Washing 


Bottles 


>  ' 

Number  of  Gallons  of 
Milk  Handled  Daily. 

Total 

Plants  Using  Specified  Type  of  Bottle 
Washer. 

Number 
of  Plants. 

Soaker 

Type. 

In-the-case 

Washer. 

Small 

Brush 

Washer. 

500  or  less . 

34 

31 

44 

35 

46 

58 

30 

22 

o 

23 

25 

28 

11 

22 

24 

7 

501  to  1,000 . 

Z 

A 

9 

1,001  to  2,000 . 

1  A 

2 

2,001  to  3,000. .  . 

10 

OA 

•  0 

3,001  to  5,000..  .  . 

Z*± 

OA 

0 

5,001  to  10,000.  .  . 

Z4 

OA 

0 

10,001  to  20,000. .  . 

Over  20,000 . . . 

OA 

23 

21 

0 

0 

1 

0 

Total . 

300 

148 

141 

— 

11 

•  ‘’SEEKS  £  SKSS  “fril 
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purpose  fillers  and  cappers  are  required.  Formerly  fillers  which  were 
operated  by  hand  levers  were  used,  and  the  bottles  were  frequently 
capped  by  hand.  At  present,  however,  at  practically  all  plants  auto¬ 
matic  fillers  and  cappers  are  used.  In  their  operation  there  is  no 
necessity  for  the  milk  or  the  cap  to  come  in  contact  with  the  human 
hand.  The  rotary  fillers  and  cappers  are  the  most  common  (Fig.  97). 


Fig.  97. — View  in  bottling  room  showing  rotary  fillers  and  pasteurizer  of  internal- 


tubular  type. 


This  machine  consists  of  a  circular  tank  with  valves  similar  to  those 
in  other  types  of  fillers.  Each  bottle  is  automatically  raised  as  it 
comes  under  the  valve  and  the  milk  flows  into  it.  When  the  bottle 
has  traveled  the  full  revolution  of  the  tank,  it  is  automatically  lowered 
and  the  valve  closes.  The  bottles  are  then  carried  to  the  capper, 
which  caps  them  automatically.  Tubes  extending  from  the  top  of 
the  tank  to  the  valve  allow  the  air  to  escape  and  prevent  foam.  Sev¬ 
eral  sizes  of  these  machines  are  on  the  market  and  the  tanks  have  six 
or  more  valves.  From  24  to  72  bottles  may  be  filled  and  capped  per 
minute,  depending  on  the  size  of  the  machine.  In  operating  the  larger 
machines  of  this  type  where  the  continuous  system  of  washing  and 
filling  is  not  used,  one  man  is  required  to  feed  the  machine  and  another 
to  take  the  filled  bottles  away.  Only  one  man  is  required  to  operate 
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the  smaller  machines.  Large  plants  have  a  battery  of  three  or  more 
of  these  machines  (Fig.  98). 


Fig.  98.  A  battery  of  bottle  fillers  of  the  rotary  type.  Bottles  are  moved  auto¬ 
matically  to  the  fillers  on  conveyors  from  the  discharge  end  of  the  soaker-type 
bottle  washers. 


TABLE  82 

Number  of  Plants  of  Various  Sizes  Using  Specified  Systems  of  Filling  and 

Capping  Bottles 


Number  of  Gallons  of 
Milk  Handled  Daily. 

Number 

Plants  Using  Specified  Type  of  Bottle 
Filler. 

of  Plants. 

Rotary 

System. 

Case 

System. 

Single-row 

System. 

500  or  less . 

31 

31 

45 

35 

51 

60 

30 

22 

oi 

0 

501  to  1,000 . 

ol 

Qi 

0 

1,001  to  2,000.  .  .  . 

ol 

0 

0 

2,001  to  3,000. . 

44 

35 

49 

59 

29 

21 

0 

1 

3,001  to  5,000.  .  . 

0 

0 

5,001  to  10,000.  . .  . 

1 

1 

10,001  to  20,000. . 

0 

1 

20,001  and  over 

0 

1 

0 

1 

Total .... 

305 

299 

1 

5 
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Table  82  shows  the  number  of  plants  of  various  sizes  using  specified 
systems  of  filling  and  capping  bottles.  It  will  be  noted  that  at  prac¬ 
tically  all  plants  the  rotary  type  of  filler  is  used. 

Labor-saving  Devices. — Considerable  labor  can  often  be  saved  by 
the  use  of  devices  such  as  elevators  and  conveyors.  Some  conveyors 
operate  by  gravity,  others  by  power.  Although  such  equipment  is 
expensive,  conveyors  to  bring  the  milk  from  the  receiving  platform  to 
the  dump  tank  will  save  considerable  handling,  as  will  also  conveyors 
to  bring  the  bottles  from  the  checking-in  platform  to  the  washers  and 
to  convey  the  filled  bottles  from  the  filling  room  to  the  milk-storage 
room  and  out  to  the  delivery  wagons. 


POWER  PLANT  (1) 


The  power  plant  should  be  entirely  separate  from  the  milk  depart¬ 
ment  and  is  often  in  another  building.  It  is  important  that  the  boiler 
room  be  far  enough  away  and  so  inclosed  that  dirt,  soot,  or  gases  cannot 
reach  the  milk-handling  rooms.  The  power  plant  should  be  of  ample 
capacity  for  all  anticipated  requirements.  It  may  be  advisable  for 
large  plants  to  have  an  extra  boiler  and  an  extra  refrigerating  machine. 
Power  may  be  saved  at  certain  times  of  the  year  by  operating  only  one 
of  the  machines  when  the  full  capacity  of  refrigeration  is  not  needed. 
Having  two  boilers  makes  it  possible  to  clean  or  repair  one  of  them  with¬ 
out  shutting  down  the  plant. 

Steam  or  Electric  Power— Whether  a  steam  engine  or  electric 
motors  should  be  used  will  depend  largely  upon  the  costs  of  current  and 
coal.  The  use  of  motors  has  several  advantages,  and  direct-connected 
motors  for  each  machine  are  advisable  wherever  possible,  although 
where  several  machines  are  grouped  together  less  power  will  be  required 
if  only  one  motor  is  used  to  run  the  shafting  for  all  the  machines.  At 
large  plants  electric  current  to  run  the  motors  can  often  be  generate  oi 
less  than  it  can  be  bought.  Some  of  the  advantages  of  direct-connected 

motors  are: 


Simplicity  of  operation. 

Cleanliness.  .  , 

Use  of  power  only  when  machine  is  operated. 

l?euracPywithqwhfcdh  amount  of  power  used  in  operating  a  machine 

mayEUmfn“of' insanitary  hangers,  shafting  and  pulley 

The  following  are  some  of  the  advantages  of  the  use  of  steam  engi  . 

in  milk  plants: 

The  source  of  power  is  under  the  control  of  the  milk  plant. 
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An  additional  steam  boiler  need  not  be  purchased,  since  one  must  be 
used  to  supply  steam  for  hot  water,  pasteurizing,  sterilizing,  and  for 

heating  the  building.  „  ,  A  x  ,  ,  . 

The  exhaust  steam  can  be  utilized  for  heating  water  to  be  used  in 

the  plant. 

Whatever  power  is  used  it  is  well  to  have  an  auxiliary  system,  so 
that  if  anything  happens  to  one  system  the  plant  will  not  have  to  be 
shut  down.  A  plant  using  electric  power  should  have  an  engine  or 
extra  motors  for  an  emergency,  and  for  the  same  reason  a  plant  using 
steam  power  should  install  electric  motors. 

Mechanical  Refrigeration. — Most  large  plants  use  mechanical 
refrigeration,  but  many  smaller  ones  still  depend  upon  ice.  Individual 
conditions  will  determine  which  will  be  more  economical  to  use. 

The  advantages  of  mechanical  refrigeration  are  discussed  in  Chapter 
XXII. 


EQUIPMENT  REQUIRED  FOR  VARIOUS-SIZED  PLANTS  (1) 

On  the  following  pages  are  lists  of  the  principal  equipment  required 
for  plants  of  various  sizes  and  the  approximate  total  cost.  These 
figures  on  cost  are  given  only  as  a  guide  for  comparison.  The  cost  of 
equipment  will  depend  a  great  deal  on  the  type  of  machinery  selected, 
kind  of  contract  made,  and  the  character  of  the  business.  As  prices 
are  continually  changing,  only  approximations  can  be  made  as  to  the 
cost  of  equipment.  The  number  of  milk  cans  and  bottle  cases  required 
will  depend  upon  the  individual  plant,  but  in  these  lists  is  given  the 
approximate  quantity  that  would  be  needed. 


Principal  Equipment  for  Plant  of  lOO^Gallon  Capacity 

One  platform  scales  (double  beam). 

One  pasteurizer  (100-gallon  vat). 

One  temperature  recorder. 

One  sanitary  milk  pump. 1 
Sanitary  piping  and  fittings. 

One  tubular  milk  cooler  (capacity  1500  pounds  an  hour). 

One  bottle  filler. 

One  turbine-brush  bottle  washer  with  tank,  rinser,  and  steamer 

One  can  wash  sink  with  steam  jet.  mer' 

One  small  separator. 

One  small  churn. 

Milk  cans  (for  delivery  to  wholesale  trade). 

1  wo  sets  of  bottle  cases. 

One  brine  tank. 

1  The  number  of  pumps  required  will  depend  on  the  plant  layout. 
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One  brine  pump. 

One  3-horsepower  motor. 

One  10-horsepower  boiler. 

Steam  and  water  hose  and  fittings;  shafting,  belting,  pulleys,  hangers, 
piping,  fittings,  etc. 

Babcock  tester  (12-bottle  size). 

Estimated  total  cost  of  the  plant  equipment,  from  $2500  to  $3000. 
An  initial  supply  of  about  3000  bottles,  also  bottle  caps,  washing 
powder,  and  coal  will  be  necessary. 


Principal  Equipment  for  Plant  of  500-Gallon  Capacity 

One  platform  scales  (beam  or  dial  type). 

One  weigh  can,  with  cover,  strainers,  and  splash  hood. 

One  receiving  vat  (capacity  150  gallons),  with  cover,  strainer,  and  agi¬ 
tator.  (If  vat  pasteurizers  are  used,  a  receiving  vat  of  less  capacity 

could  be  used.) 

One  filter. 

One  pasteurizing  and  cooling  outfit,  with  automatic  temperature  con¬ 
trol  and  recording  thermometers. 

One  or  two  sanitary  milk  pumps. 1 
One  bottle  filler. 

One  small  bottle  washer  and  sterilizer. 

One  can  washer,  rinser,  and  steamer. 

One  separator  (capacity  2000  to  2500  pounds  per  hour). 

One  small  churn  and  butterworker. 

One  brine  tank. 

One  brine  pump. 

Milk  cans. 

Two  sets  of  bottle  cases. 

Trucks,  conveyors,  etc. 

One  5-horsepower  motor. 

One  20-horsepower  boiler. 

Be?Ungf  sh'afting^'pulleys,  ly,  pip**  fittings,  etc. 

Steam  and  water  hose  with  fittings. 

Chemical  apparatus. 

"Z  “S -pS  5  3SHU  -•  "d 

pp„*,:  -  *  „  tmMk. 

Prirxipal  Egmpmentfor  strainer,  splash 

One  2-compartment  dump  and  weigh  can, 

hood,  and  two  3-.nch  gates  ^  the  plant  layout  and  on  the 

1  The  number  of  pumps  required  P 

type  of  pasteurizing  equipment  use  . 
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One  scales  (beam  or  dial  type). 

One  or  two  sanitary  milk  pumps. 1 

One  receiving  vat  (capacity  300  gallons),  with  cover,  strainer,  and  agi¬ 
tator. 

One  milk-storage  tank  (1000  gallons  capacity). 

Pasteurizing  and  cooling  outfit,  with  automatic  temperature  control  and 
recording  thermometers  (capacity,  4000  pounds  an  hour). 

One  clarifier  or  filter  (4000  to  6000  pounds  an  hour). 

Sanitary  milk  piping  and  fittings. 

One  filler  and  capper. 

One  small  filler  for  buttermilk. 

One  bottle  washer  (48  to  60  bottles  per  minute). 

One  can  washer,  rinser,  steamer,  and  drier. 

One  separator  (2000  to  2500  pounds  per  hour). 

One  50-gallon  cream  vat. 

One  buttermilk  vat. 

One  churn  and  butterworker,  butter  printer,  ladles,  packer,  and  starter 
can. 

Milk  cans. 

Milk-bottle  cases. 

Trucks,  conveyors,  etc. 

One  20-ton  mechanical  refrigeration  plant,  with  compressor,  brine  tank, 
piping,  brine  pump,  etc. 

One  20-horsepower  engine,  or  motors  (if  electric  power  is  available). 

One  60-horsepower  boiler  with  all  necessary  fittings  and  accessories 
(allowing  three  hours  to  pasteurize  and  cool  1200  gallons  milk). 
Shafting,  pulleys,  belting,  hangers,  piping,  pipe  fittings,  valves,  etc. 
(If  live  steam  were  used  for  pasteurizing  the  boiler  capacity 
would  have  to  be  increased.) 

Chemical  apparatus. 

Bacteriological  apparatus. 

Estimated  total  cost,  from  $25,000  to  $30,000. 


Principal  Equipment  for  Plant  of  Approximately  5000-Gallon  Capacity 

One  2-compartment  dump  and  weigh  can,  with  cover,  strainers,  splash 
hood,  and  two  4-inch  gates. 

One  scales  (overhead  lever  type). 

One  receiving  vat,  with  cover,  agitator  (motor  drive),  and  strainer 
(capacity,  300  to  500  gallons).  trainer 

One  or  two  clarifiers  or  filters  (12,000  pounds  an  hour  combined  capacity) 

One  or  two  jacketed  storage  tanks  (about  2500  gallons  each)  2  P  ' 

Pasteurizing  and  cooling  equipment  (10,000  pounds  an  hour)  with 

fw  aut0,’lnat,ct  temperature  regulator  and  recording  thermometers 
One  small  pasteurizer  for  cream.  lieiers- 

One  small  tubular  cooler  for  cream. 

wlliSX  5K2S  "  d"“  "■  .1. 
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Two  or  more  sanitary  milk  pumps.1 
Sanitary  milk  piping  and  fittings. 

Three  fillers  and  cappers. 

One  small  filler  for  buttermilk,  etc. 

One  or  two  bottle  washers  (80  to  120  bottles  per  minute). 

One  can  washer,  rinser,  steamer,  and  drier. 

One  forewarmer. 

One  separator  (capacity,  8000  to  12,000  pounds  an  hour). 

One  300-gallon  jacketed  vat. 

One  rotary  pump  for  skim  milk. 

One  combined  churn  and  butterworker  (capacity,  1000  pounds  butter) 
butter  printer,  ladles,  packers,  etc. 

Milk  cans  and  bottle  cases. 

Trucks  and  conveyors. 

One  starter  can. 

One  300-gallon  ripener. 

One  500-gallon  standardizing  and  mixing  vat. 

One  300-gallon  cheese  vat. 

Two  drain  racks. 

One  buttermilk  machine  (300-gallon  capacity)  (motor  drive). 

One  50-ton  mechanical  refrigeration  plant,  with  compressor,  brine  tank, 
piping,  brine  pump,  etc. 

One  60-horsepower  engine,  or  70-horsepower  motor,  to  run  compressor. 
Two  125-horsepower  boilers  (one  in  reserve),  with  all  necessary  acces¬ 
sories  and  fittings  (5000  gallons  of  milk  to  be  pasteurized  at  the 
rate  of  10,000  pounds  an  hour  in  from  four  to  four  and  one-halt 


hours). 

One  25-horsepower  engine,  or  motors.  ,  , 

Belting,  shafting,  pulleys,  hangers,  piping,  pipe  fittings,  valves,  etc. 


Chemical  apparatus. 
Bacteriological  apparatus. 


Estimated  total  cost,  from  $70,000  to  $80,000. 

A  homogenizer  or  viscolizer  for  special  coffee  cream  might  c  in¬ 
cluded  at  an  additional  cost  of  $1500  to  $2500. 


Bacteriological  Apparatus  for  Milk  Plant 
One  autoclave,  medium  size. 

One  dry-sterilizing  oven,  gas  stove,  and  kitchen  oven. 

One  incubator,  10  by  0  by  6  inches,  inside  dimensions. 

go:  hundred  graduated  in  tenths,  with  an 

extra  tenth  above  the  0  mark. 

One  5-cubic-centimeter  pipette. 

One  10-cubic-centimeter  pipette. 

One  25-cubic-centimeter  pipette. 

One  100-cubic-centimeter  pipette. 

.  The  number  of  milk  pumps  required  will  depend  on  the  plant  layout  and  on  the 
type  of  pasteurizing  equipment  used. 
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One  100-cubic-centimeter  cylinder,  graduated. 

One  500-cubic-centimeter  cylinder,  graduated. 

One  1000-cubic-centimeter  cylinder,  graduated. 

Two  dozen  Erlenmeyer  flasks,  1,000  cubic  centimeters. 

One  hundred  Petri  dishes,  100  by  10  millimeters. 

Four  dozen  glass  bottles,  8  ounces,  prescription  or  French  square. 

Two  funnels,  glass,  6-inch. 

One  double  boiler,  one-half-gallon. 

One  thermometer  (  —  10°  to  100°  C.). 

One  thermometer  (0°  to  250°  C.  for  dry  sterilizer). 

One  dozen  glass  stirring  rods  (assorted). 

Two  Petri  dish  holders,  sheet  iron,  50  dishes. 

Two  pipette  boxes. 

One  reading  glass,  2\  magnifications,  4  inches. 

One  counting  plate. 

One  tallying  machine. 

One  gas  stove,  single  burner. 

Two  Bunsen  burners. 

Twelve  feet  gas  tubing,  j-inch. 

Two  wax  pencils,  blue  or  red. 

Approximate  cost,  $500. 


Chemicals  and  Accessories  for  Bacteriological  Examination 

One  liter  sodium  hydroxide,  tenth  normal. 

One  liter  sodium  hydroxide,  normal. 

One  liter  hydrochloric  acid,  tenth  normal. 

One  liter  hydrochloric  acid,  normal. 

Absorbent  cotton. 

Non-absorbent  cotton. 

Canton  flannel  for  filtering. 

Filter  papers. 

Peptone. 


Chemical  Apparatus  for  a  Milk-Plant  Laboratory 

One  Babcock  milk  tester  from  12  to  36  bottles,  hand  or  steam  operated 
Three  dozen  milk-test  bottles,  8  per  cent. 

One  dozen  cream-test  bottles,  50  per  cent. 

Two  pipettes,  17.6  cubic  centimeters. 

One  combined  acid  bottle  and  pipette. 

One  lactometer  (Quevenne). 

One  burette,  50  cubic  centimeters,  graduated  in  tenths 
One  burette  holder. 

One  dozen  beakers,  150  cubic  centimeters. 

One  dropping  bottle,  30  cubic  centimeters. 

One  cream-test  scale. 

One  pipette,  10  cubic  centimeters. 
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One  pipette,  25  cubic  centimeters. 

One-half  dozen  skim-milk  test  bottles. 

Approximate  total  cost,  from  $75  to  $100. 

Chemicals  for  Chemical  Analysis  of  Milk  and  Cream 

Sulphuric  acid,  commercial,  one-half  gallon. 

Phenolphthalein,  1  per  cent  solution,  100  cubic  centimeters. 

Sodium  hydroxide,  tenth  normal,  1  liter. 

Office  Equipment. — Besides  the  articles  listed  above,  office  equip¬ 
ment  will  be  required.  Small  plants  require  only  a  desk  of  some  kind, 
with  chairs  and  possibly  an  adding  machine,  check  protector,  and  a  safe. 
Larger  plants  also  require  typewriters,  computing  machines,  filing  cab¬ 
inets,  and  most  of  the  equipment  required  in  a  modern  business  office. 

Delivery  Equipment. — The  delivery  equipment  required  will  depend 
on  the  type  of  trade  served  and  where  it  is  located,  automobile  trucks 
often  being  used  economically  for  wholesale  trade.  The  horse  and 
wagon,  however,  is  the  most  common  method  of  delivering  to  the  retail 
trade  for  which  purpose  it  has  many  advantages  over  the  automobile. 
One  man  can  deliver  a  load  of  milk  from  a  horse-drawn  wagon,  but 
usually  at  least  one  extra  man  will  be  required  on  an  automobile  truck. 
Moreover,  the  constant  stopping  and  starting  that  is  necessary  on  a 
retail  milk  route  is  not  favorable  to  the  use  of  an  automobile  for  delivery 

in  congested  sections.  .  ,  ,a, 

The  quantity  of  goods  that  can  be  delivered  with  one  outfit  will 

depend  primarily  on  the  distance  between  customers  the  method  o 
delivery,  the  number  of  flights  of  stairs  to  be  climbed,  etc.  In  the 
ordinary  city,  where  there  is  more  or  less  competition,  about  75  gallons 
of  milk,  with  the  usual  quantity  of  cream,  etc,  are  usually ^carried by 
retail  wagon.  For  wholesale  trade,  one  delivery  outfit  will  handle  500 
to  1500  quarts,  depending  on  the  type  of  streets,  nearness  of  the  cus- 

tomers,  etc. 

INVESTMENTS  IN  MILK  PLANT  EQUIPMENT 
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CHAPTER  XVIII 


MILK-PLANT  OPERATION 

The  milk  dealer,  or  middleman,  who  daily  supplies  the  city  dwellers 
with  milk,  must  purchase  the  milk  from  producers  located  many  miles 
away,  often  as  far  as  200  or  300  miles.  This  milk  is  collected  in  the 
country  and  shipped  direct  to  the  city  by  rail  or  truck,  or  it  is  brought 
to  the  plants  in  the  country  by  the  producers  and,  after  passing  through 
these  plants,  is  shipped  to  the  city. 


RECEIVING  THE  MILK  IN  THE  CITY 

In  some  cities,  notably  Boston,  Mass.,  the  dealei  s  plant  is  located 
on  a  siding,  or  spur  track.  A  carload  of  milk  may  be  switched  to  the 
dealer’s  plant,  and  unloaded  directly  on  the  platform  of  the  plant. 

Formerly,  when  the  so-called  “  leased  car  ”  system  was  in  use  in 
Boston,  on  the  arrival  of  the  milk  car  at  the  dealer’s  plant,  a  large  can  or 
“  mixer,”  was  placed  in  the  car,  and  the  milk  dumped  from  the  car 
directly  into  it.  This  mixer  was  connected  by  sanitary  pipes  to  a 
receiving  tank  in  the  plant,  and  thus  a  whole  carload  of  milk  could  be 
dumped  without  removing  the  cans  from  the  car.  Owing  to  the  aboli¬ 
tion  of  the  ‘Teased  car”  system,  and  the  consequent  decrease  in  the 
number  of  milk  cars  switched  directly  to  the  dealer’s  plants,  and  also 
to  the  fact  that  the  cans  have  to  be  removed  from  the  car  in  order  to 
be  washed,  this  system  has  practically  disappeared.  In  the  old  days, 
the  cans  were  returned  to  the  farmer  without  being  washed,  and  so 
were  not  removed  from  the  car  when  the  milk  was  dumped 

In  most  cities  the  milk  trains  are  unloaded  at  the  railroad  termina 
in  the  city.  For  the  purpose  of  receiving  the  milk  on  the  arrival  of  e 
tra  ns  large  receiving  platforms  are  erected  at  the  railroad  terminal. 
The  different  dealers  have  their  trucks  on  hand  when  the  trains  arrive 
and  the  milk  is  transferred  from  the  milk  cars  to  these  trucks,  and 

'rszxszzti ^ 

milk,  large  quantities  of  milk  are  now  unloaded  directly  from 

at  on  arrival  of  the  milk  at  the  city  plant  it  is  immediately  weighed 

and  transferred  to  the  pasteurizing  and  bottling  departmen  . 
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milk  is  received  in  cans  each  can  of  milk  must  be  graded  and  dumped 
separately  into  the  weigh  can.  Where  milk  is  received  by  tank  cars  or 


Fio.  99. — Jacketed,  glass-lined  storage  tanks  for  milk. 


tank  trucks  an  entire  tank  is  emptied  in  a  few  minutes  by  gravity 
pump,  or  air. 

After  the  milk  is  weighed,  it  passes  either  to  a  storage  tank  or  directly 
to  the  pasteurizer,  large  plants  generally  requiring  storage  tanks. 


I  vjiaumg  mine  oy  odor  on  the  receiving  platform 


In  most  plants  the  milk  is  passed  through  a  clarifier 
dirt  and  sediment,  before  it  goes  to  the  pasteurizer. 


or  filter  to  remove 


GRADING,  SAMPLING,  AND  TESTING 

vWoteby  t^nToftn?^  bef°re  "  d«-  This  is 

oy  the  sense  of  smell;  the  man  doing  the  grading  smells 


304 


MILK-PLANT  OPERATION 


the  milk  as  soon  as  the  lid  is  removed  from  the  can,  and  rejects  any  milk 
of  objectionable  odor. 

After  the  milk  of  each  producer  is  dumped  into  the  weigh  can,  a 
sample  is  taken  for  chemical  analysis.  See  Chapter  IX,  “  Inspection  in 
the  City/’  for  further  information  regarding  testing. 


PASTEURIZATION 

For  information  regarding  the  operation  of  the  pasteurizing  plant, 
see  Chapter  XX. 

BOTTLING  AND  CAPPING 

As  soon  as  the  milk  is  pasteurized  and  cooled  it  should  be  immedi¬ 
ately  put  into  clean,  sterile,  cool  bottles.  The  process  of  bottling  and 
capping  can  be  carried  on  at  the  same  time  as  the  pasteurizing  process, 
if  a  continuous  system  of  pasteurization  is  used.  The  capacity  of  the 
pasteurizing  outfit  and  the  bottle-fillers  should  therefore  be  approx¬ 
imately  the  same  and  should  be  such  that  the  work  of  pasteurizing  and 
bottling,  in  medium  and  small  plants,  may  be  done  in  three  or  four 
hours.  Then  the  same  set  of  men  can  be  used  during  the  remainder  of 
the  day  for  other  work,  such  as  receiving  and  weighing  the  milk  and 
washing  the  bottles  and  cans.  In  small  plants  where  one  pasteurizing 
vat  is  used,  two  men  can  dump  the  milk  into  the  vat  as  it  is  received, 
and  as  soon  as  it  is  pasteurized  it  may  be  run  over  the  cooler,  the  same 

two  men  doing  the  filling  and  capping. 

The  filling  and  capping  should  be  done  by  automatic  machinery. 
At  very  small  plants  it  may  not  be  advisable  to  invest  in  an  automatic 
filling  and  capping  machine,  but  such  plants  should  be  provided  with  a 
small  capping  device  by  the  use  of  which  the  caps  do  not  come  in  con¬ 
tact  with  the  human  hand. 


BOTTLE  WASHING 

Where  the  old  type  of  in-thc-case  bottle  washer  is  used,  the  bottles 
are  washed  and  then  stored  in  a  cool,  clean  room  until  they  are  filled. 
The  continuous  system  of  washing  and  filling  bottles  is  now,  however 
ouite  generally  used.  With  this  system  a  soaker-type  bottle  washer  is 
u”d  vSous  systems  of  washing  and  filling  bottles  are  described 

(ubor  Requirements  for  Washing  and  Filling  Boitles.-The  labor 
required  (4)  for  washing  and  filling  will  depend  on  such  factors  as. 

(1)  Method  of  checking  in  the  bottles  from  the  routes;  (2)  whethe 
or  not  the  bottles  are  sorted,  and  if  so,  the  number  of  men  required, 
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Fig.  101.  Feeding  bottles  to  the  washer  where  the  direct  system  of  washing  and 
filling  is  used.  The  bottles  pass  from  the  washer  on  conveyors  directly  to  the 
fillers. 


conti—  - 
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(3)  method  of  getting  the  bottles  from  the  checking-in  platform  to  the 
washers,  from  the  washers  to  the  fillers,  and  from  the  fillers  to  the 
storage  room;  (4)  number  and  type  of  machines  used;  and  (5)  number 
of  men  used  for  inspection. 

Studies  made  at  171  milk  plants  showed  a  great  variation  in  the 
amount  of  labor  required  at  plants  using  different  systems  of  getting 
the  bottles  to  the  fillers.  The  following  three  systems  were  considered : 


103  -Washing  bottles  where  the  direct  system  of  washing  and  tilling  is  used 
and  where  system  2  is  used  in  checking  in  the  routes.  At  eight  plants  using 
to  comtdnabon  an  average  of  8.1  routes  was  cheeked  in  per  man-hour  and 
1204  bottles  washed  per  man-hour. 


Direct,  indirect,  and  semidirect.  In  the  direct  system  (Figs  _  101  102 

nnd  103)  no  handling  of  bottles  between  the  washers  and 

reoui  ed  After  being  removed  from  the  cases,  the  bottles  are  washed 

which  they  pass  automatically  on  conveyors  direct  to  the  hi.  . 

T  ■  liroot  svsfetn  (Fig  104)  the  bottles,  after  being  washed  in  the 

’ Td  ^"^b;  hand.  Thus  this  system  not 
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only  requires  considerably  more  labor  in  handling  bottles  than  does 
the  direct  system,  but  it  offers  a  greater  chance  for  the  bottles  to  become 
contaminated,  either  while  in  storage  or  by  the  hand  feeding  to  the  fillers. 

Only  a  few  plants  use  the  semidirect  system.  These  plants  use  the 
same  types  of  bottle  washers  as  are  used  with  the  indirect  system 


Fig.  104.  W ashing  bottles  at  a  plant  using  the  indirect  system  of  washing  and  filling. 


except  that  a  cooling  arrangement  is  attached.  As  soon  as  the  bottles 
have  been  washed  and  sterilized,  they  are  cooled  in  the  cases,  after 
which  they  pass  on  conveyors  to  the  fillers,  where  they  are  removed 
from  the  cases  and  fed  to  the  machines  by  hand. 

Table  85  shows  the  importance  of  the  system  used  in  washing  and 
filling  the  bottles.  The  average  number  of  bottles  washed  per  man- 
our  was  748.4  for  the  97  plants  using  the  indirect  system,  1251.9 
tor  the  6  plants  using  the  semidirect  system,  and  1016.2  for  the  68 
plants  using  the  direct  system.  The  number  of  bottles  filled  per  man- 

731,7’  902  5>  and  1392,  respectively,  for  the  three  systems, 
indirect,  semidirect,  and  direct.  J 

wa/slTZlantS  Hhe^e  nUmber  of  washed  per  man-hour 

was  small,  the  number  ailed  per  man-hour  was  great,  and  vice  versa. 
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TABLE  85 


Comparison  of  Direct,  Indirect,  and  Semidirect  Systems  of  Washing  and 
Filling  Bottles  as  to  Average  Time  and  Labor  Requirements  at  171 
Milk  Plants 


System. 

Number  of  Bottles 
Handled  Daily. 

Plants. 

Num¬ 

ber. 

Washing  Bottles. 

Bottles 

per 

Plant. 

Num¬ 

ber. 

Men 

per 

Plant. 

Num¬ 

ber. 

Time 
Required 
per  Plant. 

Per 

Hour. 

Num¬ 

ber.* 

Per 

Man¬ 

hour. 

Num¬ 

ber.! 

Hours* 

Man- 

hoursf 

5,000  or  fewer.  .  . 

8 

4,148 

1.6 

3.9 

6. 1 

1,070 

684 

5,001  to  10,000. . 

16 

7,231 

2.8 

3.5 

10.2 

2,040 

707 

10,001  to  15,000. . 

13 

11,545 

3.7 

4.6 

17.8 

2,502 

648 

Indirect . 

15,001  to  20,000. . 

14 

17,893 

3.8 

6.6 

26.5 

2,708 

675 

20,001  to  30,000.  . 

14 

25,258 

4.4 

6.4 

32.4 

3,964 

780 

30,001  to  50,000.  . 

19 

40,223 

5.4 

7.2 

45.5 

5,578 

884 

50,001  to  100,000. 

13 

73,527 

12.0 

8.0 

105.5 

9,138 

697 

Total  or  average. . 

97 

27,043 

4.9 

5.9 

36. 1 

4,594 

748.4 

f  20,001  to  30,000. . 

2 

26,667 

2.8 

6.3 

23.4 

4,267 

1,140 

Semidirect . 

{  30,001  to  50,000.. 

4 

38,088 

3.3 

8.4 

29.4 

4,548 

1,297 

Total  or  average. . 

6 

34,281 

3.1 

7.7 

27.4 

4,471.4 

1,251.9 

5,001  to  10,000.  . 

5 

8,625 

1.5 

4.3 

7.0 

2,006 

1,232 

10,001  to  15,000. . 

9 

12,209 

2.0 

5.4 

10.7 

2,242 

1,139 

15,001  to  20,000. . 

6 

18,323 

3.0 

6.6 

19.4 

2,783 

944 

20,001  to  30,000.  . 

6 

24,728 

3.0 

6.8 

20.1 

3,663 

1,231 

30,001  to  50,000.  . 

19 

39,611 

5.  1 

7.2 

37.4 

5,514 

1,059 

50,001  to  100,000. 

14 

68,309 

9.0 

8.4 

74.0 

8,118 

923 

Over  100,000 . 

9 

126,894 

14.4 

8.4 

121.6 

15,067 

1,U43 

Total  or  average. . 

68 

47,975 

6.  1 

7.1 

47.2 

6,788 

1,016.2 

System. 


Indirect. 


Total  or 
average 

Semidirect. . .  . 

Total  or 
average 


Direct . 


Number  of  Bottles 
Handled  Daily. 


5,000  or  fewer. . . 
5,001  to  10,000. . 
10,001  to  15,000.. 
15,001  to  20,000.. 
20,001  to  30,000. . 
30,001  to  50,000. . 
50,001  to  100,000. 


20,001  to  30,000. 
30,001  to  50,000. 


5,001  to  10,000. . 
10,001  to  15,000. . 
15,001  to  20,000. . 
20,001  to  30,000. . 
30,001  to  50,000.  . 
50,001  to  100,000. 
Over  100,000. 


Filling  Bottles. 


Washing  and  Filling 
Bottles. 


Bottles 

per 

Plant. 

Num¬ 

ber. 


Men 

per 

Plant 

Num¬ 

ber. 


3,883 

7,160 

11,357 

17,476 

25,105 

38,539 

72,337 


26,412 

25,167 

37,732 


33,544 

8,604 

12,000 

17,956 

24,470 

38,834 

67,628 

125,814 


TT  Man¬ 
-hours 


2.1 

2.8 

3.5 

4.6 

5.7 
7.1 

12.9 


5.7 

5.0 

5.0 


5.0 

1.3 

1.3 

2.5 

2.6 

3.3 
7.0 

11.1 


47,390  4.5 

*No  junk  bottles  included 


Time 
Required 
per  Plant. 


3.3 

4.1 

4.7 

6.2 
6.5 

6.8 
7.7 


5.8 

6?3 

8.0 


7.4 

4.0 

6.3 

7.2 

7.2 

7.3 
8.8 

9.3 


7. 1 

11.3 
15.8 
27.  1 
36.6 

45.3 
100.5 


36.  1 

31.5 

40.0 


37.2 


4.8 
7 

17.3 
18.6 

22.4 
53.9 

92.4 


Per 

Hour. 

Num¬ 

ber. 


Per 

Man¬ 

hour 

Num¬ 

ber. 


1,172 

1,762 

2,440 

2,817 

3,867 

5,667 

9,451 


4,590.6 

4,027 

4,717 


4,522.8902.5 


2,151 

1,893 

2,506 

3,414 

5,339 

7,666 

13,480 


550 

636 

720 

644 

686 

850 

719 


731.7 

799 

943 


1,792 

1,688 

1,036 

1,317 

1,736 

1,254 

1,362 


Bottles 

per 

Plant. 

Num¬ 

ber. 


Time 

Re¬ 

quired 

per 

Plant 

Man¬ 

hours 


Per 

Man¬ 

hour. 

Num¬ 

ber. 


4,015 

7,195 

11,451 

17,684 

25,181 

39,381 

72,932 


13.  1 

21.5 

33.6 

53.6 
69.0 
90.8 

206.1 


26,728 

25,917 

37,910 


33,912 


8,614 

12.104 

18,140 

24,599 

39,222 

67,969 

126,354 


72.2 

54.9 

69.4 


64.6 

17.8 

17.8 

36.8 
38 
59.8 

128.0 

214.0 


306 

335 

341 

330 

365 

434 

354 


370.0 


472 

546 


525.4 

730 

679 

494 

636 

656 

531 

590 
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The  average  number  of  bottles  washed  and  filled  per  man-hour  is, 
therefore,  the  best  indication  of  the  efficiency  of  the  system.  The 
number  of  bottles  washed  and  filled  per  man-hour  by  the  indirect, 
semidirect,  and  direct  systems  was  370,  525.4,  and  586.8,  respectively. 
The  plants  using  the  semidirect  system  washed,  filled,  and  capped  42 
per  cent  more  bottles  per  man-hour  than  those  using  the  indirect 
system.  The  percentage  increase  of  the  direct  system  over  the  indi¬ 
rect  system  was  58.  Although  no  comparison  of  these  systems  has 
been  made  as  to  initial  cost  of  machinery,  cost  of  upkeep,  or  of  steam 


Fig.  105.  Filling  bottles  at  a  plant  using  the  indirect  system  of  washing  and  filling. 


and  power  required  to  operate  the  machines,  these  figures  indicate 

a  distinct  advantage  in  favor  of  the  direct  system  as  far  as  labor  is 

concerned.  The  trend  at  the  present  time  is  toward  the  use  of  this 
system. 


Relation  between  Number  of  Floors  Used  and  Man-hour  Require¬ 
ments  for  Washing  and  Filling  Bottles.-The  tendency  at  the  present 

™C  ‘S  *°  C°"finf  Pla,nts  to  one  or  two  floor  levels.'  Many  of  the 

Tanine  floor  f"  in  P  §  °n6  St°ry  °r  one  with  a  mes¬ 

ne  flooi  for  the  pasteurizing  equipment,  laboratory,  etc.  The 

1  See  Chapter  XVI. 


310 


MILK-PLANT  OPERATION 


machinery  used  in  the  direct  system  of  washing  and  filling  is  well 
adapted  to  the  one-floor  plant. 

At  many  plants  bottles  are  washed  and  filled  on  the  street  floor. 
At  some  plants,  however,  more  than  one  floor  is  used  for  these  operations. 
The  bottles  as  they  are  received  from  the  drivers  may  be  sent  to  the 
basement  or  even  to  the  second  floor  to  be  washed,  and  they  are  then 
sent  up  or  down,  as  the  case  may  be,  to  the  street  floor  to  be  filled.  In 
some  cases  bottles  are  filled  on  the  second  floor  and  are  sent  to  the  milk- 
storage  room  on  the  street  floor.  At  all  the  plants  studied  in  a  recent 
survey  the  storage  room  was  on  the  street  floor. 

Table  86  shows  the  number  of  man-hours  required  per  1000  bottles 


TABLE  86 

Man-hour  Requirements  for  1000  Bottles  Washed  and  Filled  at  79  Plants 
Using  Either  One  Floor  or  More  than  One  Floor  for  Washing  and 
Filling  Bottles 


Plants  Using  One 
Floor. 

Plants  Using 

More  than  One 
Floor. 

Differ¬ 

ence 

between 

System. 

Plants. 

Number. 

Time 

Required. 

(A) 

Man-hours. 

Plants. 

Number. 

Time 

Required. 

(B) 

Man-hours. 

(A)  and 
(B). 

Per  Cent. 

T^)irppt,  . 

32 

1.51 

11 

1.69 

11.9 

9 

21 

1  93 

. 

Indirect . 

2.27 

6 

3.10 

36.0 

Total  or  average. . . 

62 

1.83 

- 1 - 

17 

2.19 

20.0 

washed  ana  nueu  ut  - -  — 

one  floor  for  washing  and  filling  the  bottles. 

The  number  of  man-hours  per  1000  bottles  washed  and  filled  was 
20  per  cent  greater  for  the  plants  using  more  than  one  floor  than  for  the 

P‘a  Inspection”^ Bottles!!— -It  is  very  important  that  all  bottles  be  thor¬ 
oughly^ Inspected  after  they  are  washed.  Milk  delivered  m  a  d,ry 
bottle  often  means  the  loss  of  a  customer,  besides  making  the  dealer 
liable  from  a  public  health  standpoint,  and  this  question  of  bottle 
inspection11 is^ery  important.  In  large  ^nts  inspecU^re  oto  so 

-it^  °f  bottle 
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inspection  was  used.  The  inspector  at  the  bottle  washer  was  held 
responsible  for  all  dirty  bottles  that  he  let  go  through  to  the  filling  room. 
He  was  paid  on  a  commission  basis,  as  was  also  the  inspector  at  the 
filler.  For  all  dirty  bottles  found  by  the  inspector  at  the  filling  machine 
he  was  paid  a  certain  premium  and  the  commission  of  the  inspector  at 
the  bottle  washer  was  deducted  a  similar  amount.  In  this  way  the  men 
took  a  special  interest  that  no  bottles  were  allowed  to  pass  without  care¬ 
ful  inspection.  WASHING  CANS 

The  matter  of  washing  cans,  though  only  a  small  part  of  the  daily 
milk-plant  operations,  is  a  very  important  one.  Many  different  meth¬ 
ods  are  used  at  various  plants  in  caring  for  the  cans  after  the  milk  is 
removed  from  them,  and  a  number  of  different  types  of  cleaning  machines 
are  on  the  market.  The  aim  of  all  the  efficient  ones,  however,  is  thor¬ 
ough  cleansing  with  washing  powder  and  water,  followed  by  rinsing, 
treatment  with  steam,  and  rapid  drying.  After  this  the  can  should 
be  covered  and  kept  from  contamination.  Some  of  the  largest  machines 
are  fitted  with  powerful  pumps,  the  cans  in  an  inverted  position  being 
run  through  the  machine  and  sprays  of  washing  powder  and  water,  rinse 
water,  hot  water,  and  steam  successively  forced  into  them  under  con¬ 
siderable  pressure.  They  are  then  dried  in  the  same  machine. 

Many  can  washers  are  so  constructed  that  after  the  can  and  cover 
have  been  washed,  steamed,  and  dried,  the  cover  is  automatically  inserted 
on  the  can  by  the  machine.  The  can  is  returned  to  an  upright  position 
and  passes  along  on  a  conveyor.  In  this  way  much  labor  is  saved. 

\  ery  satisfactory  results  can  be  obtained  at  small  plants  by  thor¬ 
oughly  washing  the  cans  by  means  of  a  hand  brush  with  water  to  which 
washing  powder  has  been  added.  The  cans  should  then  be  rinsed  and 
steamed  with  a  jet  of  live  steam  for  at  least  forty-five  seconds.  After 
steaming,  the  cans  should  be  allowed  to  stand  for  a  minute  till  thor¬ 
oughly  dry ,  and  covers  should  then  be  placed  on  them.  It  is  impor¬ 
tant  that  the  cans  be  well  dried,  and  if  they  are  subjected  to  sufficient 
steaming  they  will  become  dry  in  a  few  seconds.  Not  only  does  drying 
leave  the  can  in  a  better  condition  as  to  cleanliness,  but  it  tends  to  pre¬ 
vent  rust  and  prolong  the  life  of  the  can.  The  cover  should  be  thor¬ 
oughly  washed  and  steamed  before  being  returned  to  the  can. 


CLEANING  APPARATUS 

After  each  day’s  run,  the  whole  milk  line  should  be  rinsed  out  by 
pumping  cold  or  lukewarm  water  through  it.  This  should  be  followed 
by  solution  of  hot  water  and  washing  powder.  All  parts  should  be 
thoroughly  scrubbed  with  brushes  and  a  solution  of  washing  powder 

and  then  thoroughly  rinsed  and  steamed.  It  will  usually  be  necessary 
to  disconnect  all  apparatus  each  day  for  cleaning.  necessary 
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WASTES  INCURRED  IN  HANDLING  MILK  IN  PLANT 

One  of  the  duties  of  the  milk  plant  operator  is  to  keep  the  losses  in 
the  plant  as  low  as  possible.  These  losses  vary  considerably  at  various 
plants,  and  considerable  saving  could  be  made  at  many  plants  if  a  com¬ 
petent  man  were  in  charge. 

There  are  many  items  that  should  be  borne  in  mind  by  the  milk 
plant  operator  in  keeping  down  losses.  Among  such  items  are  the 
following : 

1.  Avoid  milk  piping  as  much  as  possible,  by  the  proper  arrange¬ 
ment  of  rooms  and  equipment.  Not  only  is  the  piping  difficult  to  keep 
clean,  but  it  causes  extra  labor.  Besides,  considerable  milk  will  stick 
to  the  pipes  at  the  end  of  the  run,  and  extra  piping  will  increase  the  loss  of 
milk. 

2.  Avoid  use  of  milk  pumps  wherever  possible,  by  use  of  gravity 
flow  system.  Extra  labor  is  required  for  cleaning  pumps,  and  the 
gravity  system  is  more  sanitary. 

3.  Keep  a  close  watch  for  leaks,  spillage,  slop,  etc.,  in  the  milk  han¬ 
dling,  so  as  to  keep  the  shrinkage  as  low  as  possible. 

4.  Drain  cans  well  after  dumping  the  milk. 

5.  Have  milk  vats  so  set  that  they  can  be  readily  drained. 

6.  Keep  all  joints  in  milk  pipes  tight,  and  thus  avoid  leaks. 

7.  Utilize  milk  returned  by  drivers,  and  drain  the  containers  after 

dumping.  ,,  , 

8.  Shut  down  motors  or  other  machinery  as  soon  as  through  using 

them,  and  thus  avoid  power  waste. 

9.  Avoid  extra  shafting,  pulleys,  etc. 

10.  Avoid  extra  steam  piping  by  proper  arrangement  of  rooms,  and 

thus  avoid  losses  due  to  condensation  of  steam.  .  . 

11.  Keep  steam  valve  and  joints  well  packed  to  avoid  leakage  of 

12.  Keep  all  machinery  well  oiled,  but  avoid  waste  of  oil  by  careful 

Save  water  from  cooler  coils  and  from 
condenser  coils  whenever  possible.  Too  much  watci  ustd  in  w  as  ang 
also  requires  extra  washing  powder.  Water  hose  should  not  be  left 

1  Un i^n^Utflize Exhaust  steam,  whenever  possible,  to  heat  water  for  use 
in  the  ol'int  also  to  heat  boiler-feed  water,  and  to  heat  the  building. 

15  Avoid  waste  of  ice.  Leaving  ice  on  cement  floors  in  work  room, 

OT  TCdSfS  wo*  in  refrigerator 

possible.  Broken  bottles 
at  the  fillers' ncdf only  cause  the  loss  of  the  bottles,  but  of  considerable 

arrangement  of  rooms  and 

e<1U19mA™id Station  of  the  milk  in  handling,  as  much  as  possible. 
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GOODS  RETURNED  BY  ROUTE  SALESMAN 

Another  source  of  loss  and  added  expense  in  the  milk  business  is  the 
large  quantity  of  goods  returned  from  delivery  routes  and  the  uneco¬ 
nomical  disposition  made  of  the  returned  goods.  Some  dealers  make  a 
special  effort  to  keep  the  returns  as  low  as  possible,  while  others  do  not, 
probably  figuring  that  it  is  cheaper  to  have  large  returns  now  and  then, 
than  to  take  the  risk  of  having  the  driver  run  short  and  being  obliged 
to  send  out  extra  goods  by  special  delivery.  It  is  to  the  dealer  s  advan¬ 
tage  to  keep  the  returns  as  low  as  possible  and  at  the  same  time  properly 
take  care  of  the  trade. 

The  figures  in  Table  87  were  obtained  from  a  dealer  running  about 
twenty-five  routes,  and  show  the  quantities  of  the  various  goods  returned, 
expressed  as  a  percentage  of  those  taken  out. 


TABLE  87 


Quantities  of  Various  Goods  Returned  at  a  Representative  Plant  with 
Twenty-five  Routes,  in  Percentage  of  Goods  Taken  Out  (1) 


Total  for 
Year. 

Per  Cent 
Returned. 

Month  of 
October. 
Per  Cent 
Returned. 

Monday  in 
October. 
Per  Cent 
Returned. 

Gallons  of  milk  (bulk) . 

5.0 

2.0 

4.5 

Quarts  of  milk . 

4.3 

4.0 

4.5 

Pints  of  milk . 

5.2 

6.0 

7.5 

Half  pints  of  milk . 

3.1 

4.0 

7.0 

Quarts  certified  milk . 

6.4 

6.0 

6.2 

Quarts  buttermilk . 

20.0 

22.0 

26  0 

Gallons  cream . 

6.6 

10.0 

12.0 

Quarts  cream . 

4.0 

3.0 

6  5 

Pints  cream . 

16.0 

16.0 

20  0 

Half  pints  cream . 

8.8 

9.0 

11  0 

Half  pints  whipping  cream .... 

25.0 

23.0 

23.2 

Among  the  most  common  methods  of  disposing  of  returned  goods  are 
the  following: 


1.  Sell  the  same  day  as  cash  sales  at  the  plant  or  for  special  orders. 

2.  Sell  to  peddlers  the  same  day. 

3.  Sell  on  the  wholesale  routes  the  next  day. 

4.  Sell  on  the  retail  routes  the  next  day. 

5.  Separate  and  sell  the  cream  to  the  trade  the  next  day 
o.  Separate  and  sell  cream  to  ice-cream  denier*  nr  Bmb™. 

dispose  of  it  at  the  butter,  ice-cream,  and  cheese  department  of  ownplanC 
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7.  Sell  sour  cream  to  certain  classes  of  trade  for  family  use. 

8.  Sell  sour  milk  to  cottage-cheese  dealers. 

9.  Use  in  the  manufacture  of  casein,  milk  sugar,  albumen,  etc. 

10.  Use  in  the  manufacture  of  buttermilk. 

Each  dealer  has  to  study  his  own  conditions,  for  what  may  be  the 
best  way  for  one  dealer  to  dispose  of  returned  goods  may  not  be  suitable 
for  another.  The  majority  of  dealers  seem  to  favor  the  method  of 
dumping  all  returns  and  disposing  of  the  cream  for  butter  and  ice-cream 
purposes.  A  second  grade  of  buttermilk  obtained  by  making  butter 
from  this  cream  can  also  be  disposed  of  to  bakeries,  etc.  In  this  way  the 
returns  are  handled  at  small  expense  and  the  danger  of  old  milk  going 
out  to  the  trade -from  this  source  is  eliminated. 

Among  the  methods  used  to  keep  the  returned  goods  as  low  as  pos¬ 
sible  are  the  following: 

1.  Use  the  quantity  of  goods  returned  by  the  route  salesman  as  one 
of  the  points  on  which  the  driver’s  commission  is  based. 

2.  Give  prizes  of  different  amounts  each  month  to  drivers  who  return 
the  least  during  the  month. 

3.  Require  drivers  to  pay  at  the  rate  of  one  cent  per  bottle  for  all 
milk  returned  above  6  per  cent  of  that  taken  out. 


SHRINKAGE  IN  HANDLING  MILK 


The  shrinkage  of  milk  in  handling  is  an  important  item,  and  every 
effort  should  be  made  to  keep  it  as  low  as  possible.  Table  88  gives  the 
shrinkage  for  a  series  of  days  at  three  plants. 

At  one  small  plant,  where  the  milk  was  received  by  weight  and  pas¬ 
teurized  in  a  vat,  the  loss  in  pasteurizing  and  bottling  was  as  follows: 


Milk  received,  1254  pounds 
Received  from  filler . 


583  quarts 
572  “ 


Shrinkage .  H  “  or  1.9  per  cent 

As  the  milk  was  received  by  weight,  this  loss  was  nearly  all  due  to 
carelessness.  By  taking  special  care  for  one  day,  the  plant  operator 
was  able  to  reduce  the  shrinkage  to  .53  per  cent.  This  was  the  actual 
loss  in  pasteurizing  and  bottling  when  the  milk  was  handled  carefully. 

Causes  of  Shrinkage— Losses  from  shrinkage,  as  reported  by  115 
dealers,  varied  from  0.3  per  cent  to  7.0  per  cent,  and  the  average  was 
2.29  per  cent.  Such  losses  are  largely  due  to  the  following  causes: 

1.  Leaky  cans. 

2.  Dented  or  battered  cans. 

3.  Cans  not  full. 
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4.  Careless  handling  of  cans,  in  transferring  from  cars  and  dumping. 

5.  Inefficient  draining  of  cans. 

6.  Leaky  or  battered  apparatus. 

7.  Fillers  out  of  repair,  and  leaky  valves. 

8.  Losses  at  the  filler.  This  may  be  caused  by  the  valves  not  being 
properly  adjusted,  carelessness  in  handling,  breakage  of  bottles,  etc. 

10.  Loss  from  milk  left  in  the  pasteurizer,  pipes,  pumps,  tanks,  or 
other  apparatus. 

11.  Loss  from  process  of  pasteurizing,  separating,  homogenizing, 
and  clarifying,  by  evaporation  and  mechanical  losses. 

12.  Loss  by  transferring  milk  and  cream  from  bottles  to  cans,  as  in 
the  case  of  returns  from  the  routes. 

13.  Shrinkage  in  coohng  milk. 

TABLE  88 

Shrinkage  of  Milk  at  City  Plants  (1) 

Plant  No.  1 


Daily  Receipts  at  Plant. 
Gallons. 

Quantity  Bottled. 
Gallons. 

Daily  Loss. 
Gallons. 

Loss. 

Per  Cent. 

1221 

1184 

37 

3.0 

1000 

976 

24 

2.4 

1200 

1162 

38 

3.2 

1100 

1071 

29 

2.6 

Average  1130 

1098 

32 

2.8 

Plant  No.  2 


1324 

1295 

1492 

1395 

n - - 

1299 

1274 

1468 

1385 

25 

21 

24 

10 

1.9 

1.6 

1.6 

0.7 

Average  1376 

1356 

20 

1.4 

Plant  No.  3 


1049 

1021 

1087 

1004 

979 

1046 

45 

42 

41 

4.3 

4.1 

3.8 

Average  1052 

1009 

42.6 

4.1 
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There  is  necessarily  a  certain  amount  of  shrinkage  in  transferring 
milk  from  cans  to  bottles  and  in  the  process  of  clarifying  and  pasteur¬ 
izing.  Special  attention  to  this  matter,  however,  should  reduce  these 
losses  considerably.  Collecting  pans  should  be  placed  under  all  milk 
apparatus  where  milk  is  apt  to  spill,  to  catch  all  drip,  and  especially 
under  the  filling  machines. 


CHECKING  SYSTEM  FOR  SMALL  PLANT 

All  milk  plants,  whether  large  or  small,  should  have  some  sort  of  an 
accounting  system.  Medium-sized  and  large  plants  usually  have  an 
elaborate  system  of  accounting,  which  would  not  be  necessary  or  prac¬ 
ticable  for  a  small  plant  because  of  the  large  amount  of  work  and  detail 
required.  On  the  following  pages  are  given  some  of  the  forms  that  may 
be  used  at  small  plants.  No  attempt  is  made  to  go  into  the  general 

bookkeeping  system.  .  , 

Checking  Goods  Handled  in  the  Plant.-It  is  well  known  by  most 

milk  dealers  that  there  is  a  considerable  shrinkage,  as  well  as  other  loss, 
in  handling  milk  at  the  city  plant.  Among  these  losses  are  those  from 
pasteurizing,  bottling,  filling  cans  from  bottles  of  milk  — 
routes,  leakage,  breakage,  spillage,  etc.  Many  of these  '  *  to 

can  be  determined  with  fair  accuracy,  and  an  attempt  should  be  made 

rlir— « ■  ™|k  i"  “ 


CHECKING  SYSTEM  FOR  SMALL  PLANT 


317 


returning  more  milk  than  he  actually  returns,  or  a  quantity  of  milk  may 
be  sent  out  “  special  delivery  ”  and  fail  to  be  charged.  In  order  to 
check  up  such  losses  as  these  some  sort  of  balance  of  all  the  goods  han¬ 
dled  at  the  plant  should  be  made  out  each  day.  Fig.  107  is  a  stock 
balance  sheet  that  is  adaptable  for  a  small  dealer  operating  from  five 
to  ten  wagons. 

At  some  plants,  the  keeping  of  such  a  record  will  eliminate  many 
unnecessary  losses,  and  will  enable  the  plant  superintendent  to  know 


Daily  Balance  of  Stock 


MILK 

cream 

B.M. 

GAL3. 

SKIM 

0AL3. 

BUTTER 

LB3. 

EGGS 

DOZ. 

value 

OF 

LOAD 

ICKET3 

?OUHUi 

GALS. 

jUARTS 

PINI3 

LBS. 

dUARTi 

TINTS 

HALF 

PTS. 

Ou  Land  6  p.B. 

Received  from 

Manufactured 

Total 

bales  Route  No  ! 

bales  Route  No.i 

Sales  Route  No.; 

Sales  Route  No.^ 

Sales  Route  No.£ 

Sales  Route  No.( 

Plant  Sales 

Special  Deliver ie 

Manufactured 

Separated 

Spilled 

Broken 

TOTAL 

On  Hand  0  P.M. 

Total 

Over 

Short 

Fio.  107.  Form  (or  daily  checking of  product  that  passes  through  the  milk  plant. 


each  day  just  how  he  stands.  A  monthly  balance  sheet  similar  to  this 
may  also  be  used  each  month  as  a  check  on  the  losses  for  the  month. 

Checking  the  Shipping  and  Receiving  Clerks.— At  some  plants  it  is 
important  that  the  man  who  ships  out  the  goods  to  the  drivers  and  the 
one  who  receives  the  returns  from  them  should  account  for  all  goods 
handled  or  received.  Fig.  109  is  an  example  of  a  form  that  might  be 

used  to  check  the  receiving  clerk,  and  Fig.  108,  one  that  might  be  used 
to  check  the  shipping  clerk. 
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DATE. 


BALANCE  OF  SHIPPER 


MILK 

CRliAM 

BUT  TERM  ILK 

bki:j 

BUTTER 

Gals. 

Qts. 

Fts. 

Gals. 

Qts. 

Pts. 

lifts. 

Gals. 

Qts. 

1 J  d  1  o 

Qts. 

Los. 

On  Hand  Jf.  11. 

Delivered  to  Boute  1 

«•  ••  2 

4.  ..  3 

4.  4.  4 

4.  4.  5 

4.  4.  6 

Cash  Sales 

• 

Broken  and  Spilled 

On  Hand  7  A.M. 

Total 

Over 

Short 

Fio.  108. — Form  for  balancing  the  shipping  clerk. 


BALANCE  OF  RECEIVING  CLERK 


For.-n  E  

Milk 

Cream 

Butte 

r.  Cheese 

cans 

qts. 

pts . 

gals. 

pts. 

y2  pts. 

Lbs . 

or  Facksges 

Returns  of  Route  ^  1 

. #2 

..  ..  ^3,  etc 

Total 

Amouut  turned  in  to  Creamery 

Short 

rptnrns. 

Fig  109 — Form  for  checking  the  man  who  receives  the  route  returns, 


MILK  COOLER  REPORT 

Tho  form  shown  in  Fig.  110  could  be  used  to  balance  the  milk  cooler 
ItToulcf  Z be  des^ble  to  have  additional  forms  to  balance  the 
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Milk  Cooler  Report 


Milk. 

Cert. 

Spe. 

Milk. 

B.  M. 

Cream 

XX 

Cream. 

Gallons 

Quarts 

1  Pints 

00 

+-> 

C 

£ 

I  3  Quarts  1 

Quarts 

Quarts 

Pints 

Gallons 

Quarts 

I  Gallons 

I  Quarts 

I  Pints 

e 

s 

•HIM 

I  Gallons 

|  Quarts 

1  Pints 

|  i  Pints 

Receipts: 

— 

— 

— 

— 

Received  from  producers . 
Returned  from  routes.  .  .  . 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Disbursements: 

— 

— 

— 

— 

— 

To  separator . 

To  standardizing  cream .  . 
Converted . 

— 

To  retail  routes . 

To  wholesale  routes . 

To  spec.  del.  routes . 

— 

— 

— 

— 

— 

To  office  sales . 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

To  known  losses . 

In  storage  6  p.m . 

Total . 

Over . 

— 

Short . 

— 

— 

Fig.  110. — Form  for  balancing  milk  cooler. 


pasteurizing  and  separating  departments.  Under  “  known  losses  ” 
would  be  entered  shortages  that  were  found  in  the  balance  of  the  sepa¬ 
rating  and  pasteurizing  departments;  also  milk  spilled,  drunk  by  em¬ 
ployees,  etc.  The  pasteurizing  department,  for  example,  would  be 
charged  with  the  milk  and  cream  delivered  to  it  and  credited  with  the 
amount  of  bottled  and  bulk  goods  turned  over  by  it  to  the  cooler. 
Likewise  the  separator  would  be  charged  with  all  milk  turned  over  to  it 
and  credited  with  the  cream  and  skim  milk  manufactured.  The  short¬ 
ages  in  these  two  departments  would  be  entered  under  “  known  losses  ” 
in  the  milk  cooler  report. 

...A,n  lnv,'nt",'v  of  stock  must  be  taken  by  the  night  man,  and  this 
will  be  checked  by  the  day  cooler  man  when  he  takes  charge  in  the 

morning..  He  will  take  an  inventory  at  6  P.M.,  which  will  be  checked 
by  the  night  man  when  he  takes  over  the  cooler  at  night. 
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NUMBER  OF  MEN  REQUIRED  TO  OPERATE  A  MILK  PLANT 

The  number  of  men  required  to  operate  a  milk  plant  depends,  to  a 
large  degree,  on  the  plant  arrangement  and  types  of  equipment  used. 
Table  89  shows  the  relation  between  the  size  of  plant  and  the  num- 


TABLE  89 

Relation  between  the  Size  of  Plant  and  Labor  Requirements  (4) 


Group. 

Plants. 

Number. 

Milk  and  Cream  Handled  Daily 
per  Plant. 

Total 

Men 

per 

Plant.* 

Number. 

Milk  and  Cream 
Handled  per  Man. 

Quantity. 

Gallons. 

Average. 

Gallons. 

Bottled. 

PerCent. 

Total. 

Gallons. 

Bottled. 

Gallons. 

1 

13 

2,000  or  less. . . 

1,407 

81.0 

6.8 

208 

169 

2 

21 

2,001  to  5,000. . 

3,308 

88.2 

15.3 

216 

194 

3 

34 

5,001  to  10,000 

7,342 

85.1 

34.5 

213 

181 

4 

9 

10,001  to  15,000 

11,504 

82.0 

46.0 

249 

205 

5 

8 

15,001  to  20,000 

17,393 

87.0 

78.6 

221 

192 

6 

7 

Over  20,000.  .  .  . 

27,448 

88.0 

103.0 

267 

235 

Special  Help  Employed. 


Help  Employed  per  1000  Gallons  Milk 
and  Cream  Handled. 


Group. 


1 

2 

3 

4 

5 

6 


Relief 

Men. 

Num¬ 

ber. 

Check¬ 

ers. 

Num¬ 

ber. 

0.3 

0.9 

1.1 

2.2 

2.2 

6.7 

1.9 

7.3 

6.9 

13.4 

6.0 

13.4 

Engi¬ 

neers 

and 

Mainte¬ 

nance 

Men.f 

Num¬ 

ber. 


0.5 

1.4 

3.4 
5.0 
8.9 
8.7 


Miscel¬ 

laneous 

Men.f 

Num¬ 

ber. 


0.5 

1.1 

2.3 
5.8 
5.5 

9.3 


Total 

Men. 

Num¬ 

ber. 

Relief 

Men. 

Num¬ 

ber. 

Check¬ 

ers. 

Num¬ 

ber. 

Engi¬ 

neers 

and 

Mainte¬ 

nance. 

Men. 

Num¬ 

ber. 

Miscel¬ 

laneous 

Men. 

Num¬ 

ber. 

4.808 

0.219 

0.629 

0.383 

0.328 

4.618 

.317 

.669 

.425 

.331 

4.704 

.305 

.906 

.457 

.309 

4.015 

.164 

.637 

.434 

.502 

4.522 

.395 

.769 

.510 

.316 

3.753 

.219 

.489 

.318 

.338 

If  they  were 


*  Including  all  men  whose  time  was  chargeable  to  rn^  ^  bookkeepen)  were  not  included. 

used  in  other  departments  also,  time  was  Prora  ,  ‘  of  equipment  and  whose  time  was 

f  Employees  who  were  engaged  in  the  repair  and  upkeep 


chargeable  to  the  market-milk  department. 

t  Such  as  foremen,  janitors,  and  elevator  men. 
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ber  of  men  required  at  92  plants,  grouped  according  to  number  of 
gallons  of  milk  and  cream  handled  daily.  As  a  rule,  there  is  an  in¬ 
crease  in  the  number  of  gallons  handled  per  man  as  the  size  of  the 
plant  increases.  In  small  plants  it  is  usually  necessary  to  shift  a 
man  from  one  job  to  another,  whereas  in  large  plants  one  man  often 
is  on  the  same  operation  for  the  full  day.  This  specialization  of  labor 
naturally  effects  economies  in  operation.  At  large  plants,  however, 
on  account  of  this  very  fact  of  specialization,  more  supervision  is 
required,  and  more  special  and  miscellaneous  men  are  used,  so  that  the 
difference  in  the  number  of  gallons  handled  per  man  at  the  large 
and  small  plants  is  not  so  great  as  might  be  expected.  This  dif¬ 
ference  is  somewhat  greater,  however,  when  bottled  milk  alone  is  con¬ 
sidered. 

Table  89  shows  two  exceptions  to  the  rule  that  the  number  of 
gallons  of  milk  and  cream  handled  per  man  increases  as  the  size  of 
the  plant  increases.  These  exceptions  are  the  plants  in  Groups  3 
and  5.  They  can  in  part  be  explained  by  the  fact  that  there  were  no 
one-story  plants  in  Group  5  and  only  6  out  of  a  total  of  34  in  Group  3. 
As  is  shown  on  pages  245  and  310,  less  labor  is  usually  required  to 
operate  one-story  plants. 

The  table  shows  no  relation  between  the  number  of  relief  men  used 
per  1000  gallons  handled  and  the  size  of  the  plant,  as  the  number  is 
dependent  largely  on  the  practices  followed  in  the  city  where  the 
milk  plant  is  located.  In  some  cities  no  relief  men  are  required,  as 
all  the  men  work  a  full  week  of  seven  days.  In  others,  the  men  work 
only  six  days  per  week  so  that  an  extra  man  is  required  for  each  six 
men.  There  is  also  very  little  relation  between  the  size  of  plant  and 
the  number  of  checkers  used  per  1000  gallons  of  milk  and  cream 
handled  as  this  is  determined  primarily  by  the  system  of  checking 
routes  in  and  out.  The  table  shows  that,  although  the  number  of 
miscellaneous  men  employed  increases  with  the  size  of  the  plant,  the 
number  of  these  men  per  1000  gallons  of  milk  and  cream  handled  is 
fairly  uniform  for  plants  of  all  sizes  except  Group  4,  in  which  it  is 
higher  than  in  the  other  groups.  The  fact  that  this  group  contained 

only  plants  of  more  than  one  story  is  the  principal  reason  for  the  large 
number  of  miscellaneous  men. 


SURPLUS  MILK 


Utilization  of  Surplus  Milk.— Each  milk-plant  operator  must  deter- 
me  for  himself  how  to  dispose  of  his  surplus  to  the  best  advantage  in  his 
particular  locality.  Market  demands  and  prices  are,  of  course,  the  impor- 
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tant  factors  in  deciding  what  products  can  be  most  advantageously  manu¬ 
factured  from  the  milk  that  cannot  be  disposed  of  at  market  milk 
prices. 

The  following  calculations  illustrate  how  the  returns  may  be  figured, 
on  various  products  that  can  be  made  from  surplus  milk.(l)  The  values 
here  attached  to  the  various  products  are  arbitrary,  and  the  actual 
price  will,  of  course,  depend  to  a  great  extent,  on  the  particular  locality. 
The  following  arbitrary  values  are  used: 

Butter .  50  cents  a  pound 

Buttermilk .  20  cents  a  gallon 

Cottage  cheese .  5  cents  a  pound 

Sweet  cream .  $1 . 50  a  gallon 

Value  of  by-products  from  100  pounds  of  surplus  milk,  at  assumed 
prices. 

Butter,  Cottage  Cheese,  and  Buttermilk. 

The  cream  from  100  pounds  of  4  per  cent  milk  will  make  approxi¬ 
mately  4.75  pounds  of  butter,  at  50  cents .  $2.38 

and  1  gallon  of  buttermilk,  at  20  cents . 20 

The  skim  milk  will  produce  approximately  9  pounds  of  cottage 

cheese,  at  5  cents . 45 


$3.03 


Sweet  Cream  and  Cottage  Cheese. 

100  pounds  of  4  per  cent  milk  will  make  approximately  2.5 

gallons  of  20  per  cent  cream,  at  $1 . 50 . 

and  approximately  8.75  pounds  of  cottage  cheese,  at  5  cents. 


$3.75 

.44 

$4.19 


Butter  and  Buttermilk. 

100  pounds  of  4  per  cent  milk  will  make  approximately  4  75 

pounds  of  butter,  at  $0 . 50. . .  ■> . 

and  approximately  10  gallons  of  buttermilk,  at  20  cents . 


Sweet  Cream  and  Artificial  Buttermilk. 

100  pounds  of  4  per  cent  milk  will  make  approximately  2.5 

gallons  of  20  per  cent  cream,  at  $1 .50 .  • 

and  approximately  9  gallons  of  artificial  buttermilk,  at  20  cents 


$2.38 

2.00 

$4.38 


$3.75 

1.80 

$5.55 


Thus  with  the  prices  given,  it  would  be  more  profitable  for  the  dealer 
to  separaththe  surplus,  sell  the  sweet  cream  and  make  butter, n.lk  from 
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the  skim  milk.  As  stated,  however,  these  figures  are  given  merely  for 
illustration;  the  cost  of  manufacture,  market  demand,  and  the  prices 
that  can  be  procured  for  the  products  must  be  considered  in  each  case. 
Such  illustrations  will  assist  a  dealer  in  determining  what  prices  he  can 
afford  to  charge  for  certain  products,  as  compared  with  prices  of  other 
products,  as  well  as  in  determining  what  products  he  can  most  advan¬ 
tageously  make  from  his  surplus  milk. 

The  question  of  paying  for  milk  that  cannot  be  disposed  of  as  market 
milk,  but  which  must  be  manufactured  into  by-products,  has  received 
the  attention  of  dealers,  economists,  health  officials,  and  others  in  recent 
years;  and,  in  many  cities,  systems  have  been  worked  out  whereby  the 
producer  receives,  for  milk  which  is  manufactured  into  by-products,  a 
price  based  on  the  value  of  these  by-products.  In  this  way  the  middle¬ 
man  handles  all  the  milk  the  producer  provides  and  pays  for  it  a  price 
based  on  his  own  net  returns.  Such  a  system  seems  more  equitable  to 
all  parties  concerned  than  the  old  system  of  trying  to  make  the  price 
for  all  milk  received  as  low  as  the  producer  would  take  and  as  high  as  the 
dealer  would  give. 

Manufacture  of  By-products —A  milk-plant  operator  should  be 
familiar  with  the  manufacture  of  the  ordinary  by-products:  butter, 
cottage  cheese,  and  buttermilk. 


Butter.  For  detailed  information  as  to  butter  making,  operators  are 
referred  to  Farmers’  Bulletin  No.  876  and  standard  books  on  the 


subject. 


Cottage  Cheese—  For  directions  on  the  manufacture  of  cottage  cheese, 
reference  should  be  made  to  U.  S.  Department  of  Agriculture  Bulletin 
No.  576,  “  The  Manufacture  of  Cottage  Cheese  in  Creameries  and  Milk 

Plonlci  ^ 


Buttermilk  and  Artificial  Buttermilk,- One  of  the  most  economical 
ways  of  disposing  of  surplus  skim  milk  or  sour  milk  is  by  the  manufac¬ 
ture  and  sale  of  buttermilk  or  of  artificial  buttermilk.  Manv  nhvsim^c 


good  product. 


to  be  able  to  obtain  a  uniformly 
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Rogers  and  Albus  (3)  recommend  the  following  method  of  manufac¬ 
ture  of  cultured  buttermilk: 

“  In  making  cultured  buttermilk  from  milk  the  same  procedure 
should  be  followed  as  in  making  a  starter  for  cream  ripening.  A 
good,  clean-flavored  mother  starter  should  be  carried  along  with 
every  possible  precaution  to  prevent  contamination.  Good  commer¬ 
cial  cultures  can  be  obtained,  but  if  it  is  not  convenient  to  use  one 
of  these  a  natural  starter  should  be  prepared.  For  this  purpose  the 
following  procedure  may  be  followed: 

“  Milk  should  be  selected  from  several  sources.  About  1  pint  of 
each  lot  of  milk  is  put  into  clean  glass  jars  or  bottles  and  allowed  to 
stand  in  a  warm  place  until  the  milk  has  curdled. 

“  When  this  occurs  about  1  pint  of  milk  is  put  into  each  of  an 
equal  number  of  bottles  and  held  in  steam  or  boiling  water  for  one-half 

hour,  after  which  it  is  cooled.  , 

“  About  1  teaspoonful  of  milk  is  transferred  from  each  of  the  bottles 
of  sour  milk  to  one  of  the  bottles  of  heated  and  cooled  milk. 

“  These  samples  are  allowed  to  curdle  and  the  process  is  repeated 
until  one  sample  is  obtained  which  curdles  in  at  least  8  or  10  lours 
with  a  smooth  curd  free  from  whey  and  gas  bubbles  and  with  a  pleasant 
acid  taste.  Gas  bubbles  or  the  separation  from  the  curd  of  a  milky 
or  straw-colored  whey  show  that  the  lactic-acid  bacteria  are  still  mixed 
with  other  kinds  of  bacteria.  Considerable  variation  in  flavor  can  be 
found  in  different  cultures,  and  care  should  be  exercised  to  select  on 

that  gives  a  clean,  sharp  taste.  , 

“This  culture  is  propagated  in  the  same  way  from  day  t  y* 
The  amount  of  this  mother  starter  which  should  be  carried  will  depend 
somewhat  on  the  quantity  of  cultured  buttermilk  to  be  made.  One 

quart  should  be  enough  for  20  to  30  gailons  ul_ 

1  “  (a)  The  mother  starter  is  added  to  the  milk  to  be  used  tor  ci 

ii  , ,  4ii  milk  is  nasteurized  in  a  continuous  pas¬ 
tured  but  ermilk  or  (M  the  preferably  it  is  held  in 

teurizer  at  180  to  185  F.  (82  t  h  ^  I  ^  3Q  minutes  to  an 

water-jacketed  vats  or _cans  .  •  d  mother  starter  added. 

«■  »• to  75° F- 

(21«Wta fotemilk  has  curdled,  it  is  5°°  F‘ 

Tsmooth,  free  from  lumps,  and 

and  clean  flavored.  Good  cultured  b  itt  ^  Qther  purposes.  Skim 

milk  that  is  tainted  or  too  old  ^  b  ,  as  desired,  may  be  used, 
milk,  partly  skimmed  milk,  or  whole  mi ^^ed  if  the  milk  is  pasteur- 

“  A  more  nearly  uniform  pro«  1  f  pasteurization  at  a  high 

ized.  The  scorched  taste  which  results  by  the  acidity  of  the 

temperature  is  not  objectionab  e  s  1  bc  arranged  to  suit  the 

1 «P—  ..  - 
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case  By  using  the  same  culture  and  holding  the  temperature  uniform, 
the  amount  of  the  starter  can  be  adjusted  to  bring  the  acidity  to  the 
curdling  point  at  any  definite  time  within  narrow  limits.  The  temper¬ 
ature  of  the  milk  should  be  between  21°  and  24°  C.  (70  to  75  4.). 
More  rapid  development  of  acid  can  be  obtained  at  higher  temperatures, 
but  at  the  lower  temperatures  the  lactic-acid  bacteria  are  more  success¬ 
ful  in  checking  the  growth  of  digesting  and  gas-forming  bacteria.  At 
lower  temperatures  and  with  a  slower  development  of  acid  the  casein 
is  precipitated  in  a  finer  and  more  friable  curd  than  at  temperatures 
inducing  a  more  rapid  acid  production.  As  soon  as  a  fine  curd  has  been 
formed  the  milk  should  be  cooled  promptly  to  below  50°  F.  to  prevent 
the  contraction  and  toughening  of  the  curd.” 


These  authors  (3)  have  the  following  to  say  regarding  the  procedure 
to  be  followed  in  making  a  starter: 

“  Careful  butter  makers  build  up  starters  from  commercial  cultures 
sold  in  the  form  of  powders,  tablets,  or  fluid  cultures,  as  varieties  of 
lactic-acid  bacteria  selected  with  special  reference  to  the  production  of 
a  desirable  flavor  in  butter.  The  butter  maker  puts  this  culture  into 
about  a  quart  of  milk  which  has  been  steamed  for  an  hour  or  more  to 
reduce  the  bacteria  to  the  lowest  possible  number.  After  standing 
overnight  the  milk  will  usually  be  curdled,  but  gas  bubbles  and  other 
evidences  of  contamination  may  be  observed.  A  small  portion  of  this 
milk  is  transferred  to  another  bottle  of  milk  prepared  as  before,  and  this 
process  is  continued  until  the  acid  fermentation  has  become  suffi¬ 
ciently  active  to  eliminate  the  contaminating  bacteria  and  the  milk 
curdles  with  a  clean,  acid  taste  and  without  signs  of  gas  or  the  sepa¬ 
ration  of  a  watery  whey.  This  small  starter,  called  ‘  mother  starter/ 
is  carried  along  indefinitely  by  daily  transfers  to  freshly  steamed 
milk.  If  reasonable  precautions  are  taken  to  prevent  contamination 
after  a  thorough  heating  of  the  milk,  this  culture  will  remain  pure 
and  vigorous  for  an  indefinite  time. 

To  Prepare  the  starter  actually  used  in  ripening  the  cream,  a  larger 
lot  ot  milk— 25  to  50  gallons  or  more,  according  to  the  amount  of 
cream  is  heated  for  an  hour  or  more.  This  is  usually  done  in  a  special 
apparatus  (sold  by  creamery  supply  houses)  which  consists  of  a  large 
can  inclosed  on  the  sides  and  bottom  by  a  steam  jacket  and  fitted  with 
a  belt-driven  stirrer.  Milk  either  skimmed  or  unskimmed  is  heated 

constantly  ' k*t;  ,'?uri“g  the  heating  the  “ilk  is  stirred 

constantly.  After  the  pasteurization  is  completed  cold  water  is  run 

the  milk  is  cooled  to  about  24°  to  27°  C.  (75.2°  to 
,  a  if"  JOt,t  e  the  mother  starter  is  added  and  the  can  is  cov 

Pm*e  sSfthtTcd  flarge  acf? 

cream.  Better  results  are  obS  i/t^/fm 
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CHAPTER  XIX 


PASTEURIZATION  OF  MILK 


EARLY  HISTORY 


It  was  through  the  troubles  of  a  poor  wine  maker  that  Louis  Pasteur 
of  France  began  his  researches  on  the  effect  of  heat  in  checking  the 
fermentations  in  wine,  which  studies  were  later  extended  to  milk  and 
led  to  pasteurization.  From  1857  to  1862  Pasteur  worked  with  both 
wine  and  milk  and  found  that  bacteria  could  be  killed  by  heat.  Pas¬ 
teur’s  first  experiments  were  carried  on  at  relatively  high  temperatures, 
but  in  August,  1865,  he  announced  to  the  Academy  of  Science  that 
maintaining  wine  for  a  few  minutes  at  140°  to  158°  F.  kept  it  from 
spoiling.  This  was  the  first  real  work  in  pasteurization  or  heating  the 
product  to  a  relatively  low  temperature.  Previous  work  might  properly 
be  classed  under  the  heading  of  sterilization. 


Jacobi  of  New  York,  in  1875,  seems  to  have  been  one  of  the  first 
to  recognize  the  public  health  aspects  of  pasteurization  and  advised  the 
use  of  heating  milk  for  infant  feeding.  In  1886  the  German  scientist 
boxhlet  continued  experiments  in  pasteurization  and  devised  the  first 
small  home-made  sterilizer.  Even  then  the  temperatures  used  for  so- 
ralled  pasteurization  were  much  higher  than  those  used  at  present 
Dr  Rowland  G.  Freeman  of  New  York  was  probably  the  first  man  to 
make  practical  application  of  lower  temperatures  maintained  for  longer 
imes  in  connection  with  the  treatment  of  milk  for  infant  feeding  He 
was  convinced  that  the  previous  high  temperatures  were  unnecessary 
and  advocated  a  temperature  of  158°  F.  maintained  for  twenty  minutes 
It  was  in  1893,  however,  that  the  first  large  demonstration  of  pasteur' 
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mg  ahead  in  Denmark  with  commercial  pasteurization.  In  this  country 
one  dealer  pasteurized  milk  for  infants  as  early  as  1893,  but  according 
to  Parker  real  commercial  pasteurization  started  in  Cincinnati  in  1897, 
in  New  York  in  1898,  in  Philadelphia  in  1899,  in  St.  Louis  in  1900,  in 
Milwaukee  in  1903,  and  in  Boston  and  Chicago  in  1908.  It  was  not 
until  1904  that  any  appreciable  amount  of  the  general  milk  supply  was 
pasteurized. 

Among  the  pioneers  in  developing  systems  of  pasteurization  and 
pasteurizing  equipment  may  be  mentioned  Reid  of  Philadelphia;  Joseph 
Willman  of  Derby,  Conn.;  Professors  Farrington  and  Russell  of  Wis¬ 
consin;  S.  M.  Heulings;  Schier  of  Baltimore;  Park  and  Horton  of 
New  York. 

One  of  the  earliest,  if  not  the  earliest,  experiments  in  pasteurization 
was  made  in  1895  by  Heulings  in  cooperation  with  Professor  Wing  of 
Cornell.  Heulings  devised  an  apparatus  for  heating  and  holding  milk 
which  consisted  of  a  series  of  tank  holders.  This  machine  was  built 
by  D.  H.  Burrell  &  Company.  The  Potts  pasteurizer  was  used  for 
pasteurizing  milk  and  cream  in  Wisconsin  during  the  years  1898  and 
1899.  It  consisted  of  a  wooden  barrel  revolving  with  an  agitator  and  a 
heating  jacket.  It  is  probable  that  the  present-day  pasteurizing  vat  is 
a  development  from  this  idea.  At  about  the  same  time  the  Russell 
pasteurizer  was  also  in  use. 

One  of  the  earlier  milk  heaters  was  the  Farrington  pasteurizer,  in 
which  revolving  disks  contained  the  heating  medium.  The  earlier  vats 
manufactured  by  the  Creamery  Package  Manufacturing  Company  also 
contained  disks  and  were  probably  a  development  of  the  old  Farrington 


heater 

An  interesting  development  in  connection  with  pasteurization  was 
effected  by  Willman  about  1904  when  he  brought  out  the  regenerative 
pasteurizer.  The  milk  was  heated  over  a  drum,  and  the  apparatus  was 
so  arranged  that  the  heated  milk  would  transfer  some  of  its  heat  to  the 
cold  raw  milk  coming  in.  About  1908  Willman  introduced  the  double 
tube  regenerative  apparatus  for  heating  and  cooling  milk.  This  con¬ 
sisted  of  several  small  tubes  inclosed  in  a  larger  pipe.  The  incoming 
raw  milk  was  heated  by  the  hot  milk  coming  from  the  pasteurizer  or 
holder  It  is  interesting  to  note  that  the  A.  H.  Reid  Company  o 
patent  issued  in  January,  1907,  covering  a  regenerative  system  ° paS‘ 
teurization.  In  the  Reid  system  the  incoming  cold  milk  passed  through 
the  inside  of  a  surface-tubular  cooler,  while  the  hot  pasteurized  m 
flowed  over  the  outside.  In  this  way  the  hot  pasteurized  milk  heated 
fhe  doming  raw  milk,  while  being  itself  cooled  down  by  the  colder 

milk. 
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One  of  the  most  important  steps  in  pasteurization  was  the  intro¬ 
duction,  in  1906,  by  Mr.  Willman  of  the  pocket-type  holder.  He  set  up 
his  first  commercial  apparatus  of  this  type  at  the  Sheffield  Farms  Com¬ 
pany’s  Fifty-seventh  Street  plant  in  New  York  City  in  1907.  In  this 
type  milk  from  the  heater  goes  to  a  compartment  in  the  holder  and, 
after  being  held  for  the  required  length  of  time,  passes  out  through  a 
valve  to  the  cooler.  This  is  believed  to  be  the  real  beginning  of  modern 
holding  pasteurization  at  comparatively  low  temperatures. 

It  is  stated  that  the  first  coil  vat  was  designed  and  patented  by  the 
J.  G.  Cherry  Company  in  1907.  At  that  time  the  equipment  was  used 
for  cooling  and  ripening  cream  only,  and  it  was  about  1911  before  the  coil 
vat  was  used  as  a  batch  milk  pasteurizer  in  Cincinnati.  Other  com¬ 
panies  have  put  out  coil  vats  somewhat  similar  to  this  one. 

About  the  year  1909  the  barrel  heater  was  first  developed,  but  it 
did  not  come  into  general  use  until  1912  or  1913.  In  this  type  of  heater 
the  milk  passes  through  pipes  around  which  is  the  heating  medium. 
The  heating  medium  usually  has  a  much  higher  temperature  than  that 
to  which  the  milk  is  heated,  and  the  milk  passes  through  quite 
rapidly. 


The  D.  H.  Burrell  Company  was  apparently  the  first  to  use  the 
internal-tube  heater  for  pasteurizing  milk.  This  system  consists  of  a 
pipe  within  a  pipe.  The  milk  goes  through  the  inner  pipe  and  the 
heating  medium  passes  around  it  in  the  outer  pipe.  The  first  installa¬ 
tion  of  this  apparatus  was  at  the  Queen  City  Dairy  Company,  Buffalo, 
N.  Y.,  in  1910.  The  double  tube  of  Willman  preceded  this,  but  his 
machine  was  used  as  a  regenerative  cooler  rather  than  as  a  pasteurizer. 
Burrell  also  put  out  an  internal-tube  retarder  and  cooler  on  the  same 
principle  at  about  the  same  time.  It  was  about  this  same  date  that 
r.  \Vm.  H  Park  of  New  York  suggested  the  use  of  a  series  of  upright 
vertical  tanks  through  which  heated  milk  passed  for  the  purpose  of 
retarding  the  flow  and  maintaining  the  milk  for  a  greater  length  of 
time  in  its  heated  condition. 

Another  interesting  feature  in  connection  with  heating  milk  has  been 
e  various  experiments  in  the  electrical  treatment  of  milk  which  have 
xtended  over  a  period  of  fifteen  or  twenty  years,  including  a  number  of 
commercial  installations  of  various  types. 

These  are  believed  to  be  the  pioneer  steps  in  the  development  of 

. 

spray  vat,  and  the  Mortensen  type  “olet  “hoZ.^Wch  is 
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to  prevent  leakage  of  unpasteurized  milk  to  the  cooler  or  its  mixture 
with  milk  which  has  been  pasteurized  for  the  full  length  of  time. 


HOLDING  PROCESS  OF  PASTEURIZATION 

The  “  holding  process  ”  consists  of  heating  the  milk  to  142°  to 
145°  F.  and  holding  it  at  that  temperature  for  thirty  minutes;  the 
“  flash  system  ”  consists  of  heating  the  milk  for  an  instant  to  155° 
to  165°  F.  Investigators  found  that  all  pathogenic  organisms  that 
may  occur  in  milk,  as  well  as  a  large  proportion  of  other  organisms,  are 
killed  by  a  temperature  of  142°  to  145°  F.,  maintained  for  thirty  min¬ 
utes,  so  that  not  only  is  the  milk  made  safe  for  human  consumption  by 
this  process  but  the  keeping  quality  is  improved  as  well. 


OPPOSITION  TO  THE  PROCESS 

At  first  there  was  considerable  opposition  on  the  part  of  the  public, 
and  in  many  cases  on  the  part  of  health  officials,  to  pasteurized  milk; 
and  even  now  some  health  officials  do  not  advocate  its  use.  It  can  be 
stated,  however,  without  the  likelihood  of  severe  criticism,  that  pas¬ 
teurization  of  milk,  when  properly  performed,  is  now  generally  recog¬ 
nized  as  essential  to  public  health.  About  the  only  practical  argument 
now  raised  against  pasteurization  is  that  it  is  not  always  properly  done, 
while  this  is  perfectly  true,  it  is  no  reason  for  condemning  the  process. 


PHYSICAL  CHANGES  PRODUCED  BY  PASTEURIZATION 

One  of  the  objections  that  have  been  raised  against  pasteurized  milk 
is  that  the  cream  line  in  the  milk  is  injured  by  the  process.  Whether  or 
not  the  cream  layer  is  reduced  depends  a  good  deal  on  how  the  process  is 
performed.  Judkins  and  Downs  (1)  carried  on  some  experiments  to 
show  what  effect,  if  any,  pasteurization  had  on  the  cream  line.  From 
the  results  of  their  investigations  they  report  as  follows:  The  reduc¬ 
tion  in  cream  line  of  vat  pasteurized  milk  cooled  in  the  vat  was  2.9  per 
cent  and  when  cooled  over  the  cooler  1.5  per  cent.  Both  reductions  are 
so  low  that  it  would  scarcely  be  noticed  on  bottled  milk.  In  the  case  of 
in-the-bottle  pasteurization  there  was  no  apparent  reduction  “ 
cream  line.”  Hammer  (2)  states  that  in  general,  efficient  pasteuri¬ 
zation  decreases  the  cream  layer  of  milk.  This  decrease  need  not  be  a 
serious  one  if  the  pasteurization  is  properly  carried  out  and  the  milk 

properly  cared  for  after  pasteurization.  ,  i  uv 

It  is  doubtless  true  that  the  cream  layer  is  somewhat  reduced  by 
pasteurization;  but  if  attention  is  given  to  certain  requisites,  the 
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tion  will  not  be  noticeable.  Among  the  points  that  should  be  attended 
to,  for  best  results  as  to  cream  line,  are  the  following: 

1.  The  milk  should  not  be  heated  above  143°  F. 

2.  The  heating  medium  should  not  be  over  8  or  10°  above  the  tem¬ 
perature  to  which  it  is  desired  to  heat  the  milk. 

3.  The  milk  should  be  heated,  and  also  cooled,  as  rapidly  as  possible. 
This  can  be  accomplished  by  having  large  heating  and  cooling  areas 
and  by  sending  the  heating  and  cooling  media  through  the  apparatus 
as  rapidly  as  possible. 

4.  The  milk  should  be  agitated  as  little  as  possible,  especially  during 
the  holding  and  cooling  processes. 


CHEMICAL  CHANGES  PRODUCED  BY  PASTEURIZATION 

As  to  chemical  changes  induced  in  milk  by  pasteurization,  Rupp  (3), 
after  extensive  experiments,  came  to  the  following  conclusions : 


“1.  Milk  pasteurized  by  the  holder  process  at  145°  F.  for  thirtv 
minutes  does  not  undergo  any  appreciable  change. 

i.i  2'  The  soluble  phosphates  of  lime  and  magnesia  in  the  serum  of 
botb  raw  and  pasteurized  milk  are  practically  the  same 

4  3.  1  he  albumen  does  not  coagulate  at  145°  F.,  but  5.75  per  cent  of 
it  is  rendered  insoluble  at  150°  F.  As  the  temperature  increases  the 

p  coagulated  albumen  increases,  amounting  to  12.75  per ’cent 
at  155  F.  and  to  30.78  per  cent  at  160°  F.  p  ce?u 

“  4.  The  time  required  for  coagulating  the  casein  by  rennin  is  sh>htW 

milkn  AU 58°SF UfhZed  te™peratures  UP  to  149°  F  than  it  is  in  raw 
has  almost  doubted  'S  a  8  retardation.  whde  at  167°  F.  the  time 

in  pasteurized  nhlte,,aS  determined  *  titration  is  slightly  diminished 


bacteria  which  survive  pasteurization 

Approximately  99  per  cent  of  the  bacteria  in 
destroyed  by  proper  pasteurization;  and  the  higher  the  o  ^SUally 
of  the  milk  the  greater  will  be  the  percentage  reduction  tt81™1  C°U?t 
percentage  reduction  may  be  as  hmh  ««  qq  r  T!u  However>  the 
may  still  have  100,000  or  more  bacteria  ^  pasteurized  milk 

on  the  original  count 

to  ■ t0 

ology  of  pasteurized  °“  th®  bacteri- 

bacteria  which  survive  pasteurization:  (4)  8  Statements  regarding 
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“  Four  distinct  groups  of  bacteria,  the  acid-forming,  the  inert,  the 
alkali-forming,  and  the  peptonizing,  survive  pasteurization,  as  differ¬ 
entiated  by  their  reactions  in  litmus  milk  after  fourteen  days’  incuba¬ 
tion  at  30°  C.  (86°  F.). 

“  The  percentage  of  the  acid  group  is  increased  by  pasteurization 
while  the  other  groups  are  decreased  in  their  percentage  of  the  total 
bacteria.  The  average  percentage  of  the  lactic  acid  bacteria  in  raw  milk 
which  survive  pasteurization  for  thirty  minutes  at  62.8°  C.  (145°  F.) 
ranges  from  1.27  per  cent  to  4.55  per  cent  in  the  various  grades  of 
milk. 


“  When  different  grades  of  milk  are  pasteurized  at  62.8°  C.  (145°  F.) 
in  the  laboratory  and  held  at  room  temperature,  the  bacterial  flora  may 
undergo  three  distinct  changes.  First,  when  a  fair  quality  of  milk  is 
pasteurized  the  acid  group  may  develop  at  once  and  overgrow  all  the 
other  groups,  forming  acid  and  producing  a  normal  curd.  Second, 
when  a  poor  quality  of  milk  is  pasteurized  the  peptonizing  group  may 
grow  rapidly  at  first  along  with  the  acid  group,  which  later  overgrows 
them.  In  this  case  the  milk  will  first  become  curdled  with  a  rennet 
curd  due  to  the  peptonizing  bacteria,  then  later  will  become  sour  from 
the  development  of  the  lactic-acid  group  of  organisms.  Third,  when  a 


good  grade  of  milk  is  pasteurized  the  peptonizing  bacteria  may  overgrow 
the  acid  group  of  organisms  so  that  the  milk  becomes  peptonized  without 
the  development  of  any  acid.  These  same  grades  of  milk,  treated  in  the 
same  manner  but  held  in  an  ice  chest  at  10°  C.  (50°  F.),  show  entirely 
different  changes  in  their  bacterial  contents.  The  growth  of  the  pep¬ 
tonizing  group  is  restrained  so  that  they  are  of  little  importance.  The 
percentage  of  the  acid  group  remains  about  the  same  through  a  long 
period  Occasionally  the  percentage  of  the  alkali  group  may  increase 
after  five  days,  but  eventually  the  acid  group  forms  the  major  group. 
These  results  were  obtained  from  laboratory  experiments  and  only  mdi- 
cate  possible  changes  in  the  bacterial  flora  of  pasteurised  milk  when  held 
at  different  temperatures.  They  show  the  delicate  balance  between  the 
bacterial  groups,  but  cannot  be  applied  to  indicate  the  bacterial  changes 
in  milk  pasteurized  and  handled  under  commercial  conditions. 

Ability  of  Colon  Bacilli  to  Survive  Pasteumation.-Ayers  and 
Johnson  (5)  found  that  certain  strains  of  Bacillus  coli  survive  a  tempera¬ 
ture  of  145°  F.  for  thirty  minutes  and  that  they  develop  rapi  v  n 
the  pasteurized  milk  is  held  under  temperature  conditions  which  migh 
lie  met  during  storage  and  delivery.”  The  following  table  shows  the 
.  f  +  ootrnpnt  of  174  cultures  of  Bacillus  coli,  giving  the  num 
beTamlpercentage  of  cultures  which  withstood  different  degrees  of  heat: 


BACTERIA  WHICH  SURVIVE  PASTEURIZATION 
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TABLE  90 

Effect  of  Heat  on  Colon  Bacilli  (5) 


Exposed  for  30  Minutes  at — 


V-/UIIUICS 

Surviving. 

125°  F. 

CO 

o 

o 

135°  F. 

o 

O 

145°  F. 

150°  F. 

155°  F. 

Number . 

174 

173 

158 

95 

12 

1 

0 

Per  cent . 

100.00 

99.43 

90.80 

54.59 

6.89 

0.57 

0 

“  It  is  seen  from  the  table  that  95,  or  54.59  per  cent,  of  all  the  cul¬ 
tures  survived  at  140°  F.  When  heated  to  145°  F.,  12,  or  6.89  per  cent, 
survived.  Thus  6.89  per  cent  of  the  cultures  survived  the  temperature 
generally  used  in  commercial  pasteurization.” 

Ability  of  Streptococci  to  Survive  Pasteurization. — Ayers  and  John¬ 
son  (6)  made  a  study  of  the  ability  of  streptococci  to  survive  pasteur¬ 
ization.  The  cultures  used  were  obtained  from  four  different  sources 
and  the  results  are  given  in  Table  91 

“  From  these  results  it  is  evident  that  the  streptococci  from  the 
udder  are,  as  a  rule,  less  resistent  to  heat  than  those  from  the  other 
sources.  Those  from  the  mouth  and  from  the  feces  have  about  the  same 
i  esistance,  while  streptococci  from  milk  and  cream  were  very  much 
more  resistant  than  those  from  other  sources.” 

TABLE  91 

Effect  of  Heat  on  Streptococcus  Cultures  Classified  According  to 

Source  (6) 


Cultures  Surviving  After  Heating  for  30  Minutes  at 


Source. 

• - - - i _ 

120°F. 

125°F. 

130°F. 

135°F. 

140°F. 

145°F. 

150°F. 

155°F. 

160°F. 

165°F. 

Feces  1  Number . 

’  l  Per  cent... 

45 

100 

45 

100 

45 

100 

44 

97.77 

31 

68.88 

9 

20 

2 

4.44 

0 

0 

0 

0 

0 

0 

Udder.  (  dumber.... 

1  Per  cent. .  . . 

40 

100 

40 

100 

40 

100 

24 

60 

18 

45 

7 

17.55 

4 

10 

2 

5 

1 

2.50 

0 

0 

Mouth.  (Number.... 

1  Per  cent .. .  . 

36 

100 

36 

100 

35 

97.22 

31 

88.88 

22 

61.11 

13 

36.11 

7 

19.44 

2 

5 . 55 

0 

0 

0 

0 

Milk  and  \  Number. 
Cream,  1  Per  cent . . 

18 

100 

18 

100 

18 

100 

18 

100 

18 

100 

17 

97.44 

13 

72.22 

9 

50 

2 

11.11 

0 

0 
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In  the  summary  of  the  results  of  their  experiments,  the  investi¬ 
gators  state: 

“  Two  classes  of  streptococci  seem  to  survive  pasteurization:  (a) 
Streptococci  which  have  a  low  majority  thermal  death  point  but  among 
which  a  few  cells  are  able  to  survive  the  pasteurizing  temperature. 
This  ability  of  a  few  bacteria  to  withstand  the  pasteurizing  temperature 
may  be  due  to  certain  resistant  characteristics  peculiar  to  a  few  cells  or 
may  be  due  to  some  protective  influence  in  the  milk.  (6)  Streptococci 
which  have  a  high  majority  death  point.  When  such  is  the  case,  the 
bacteria  survive  because  the  majority  thermal  death  point  is  above  the 
temperature  used  in  pasteurization.  This  ability  to  resist  destruction 
by  heating  is  a  permanent  characteristic  of  certain  strains  of  strepto¬ 
cocci.” 

The  term  “  majority  thermal  death  point  ”  means  the  temperature 
at  which  the  majority  of  the  bacteria  are  destroyed. 


SPORE-BEARING  BACTERIA  SURVIVE  PASTEURIZATION 

It  has  been  shown  by  Ford  and  Pryor  (7)  that  milk  always  contains 
heat-resistant  spores  of  bacteria  which,  by  their  development,  can  give 
rise  to  disagreeable  and  unwholesome  changes  in  milk.  These  changes, 
however,  do  not  take  place  when  the  milk,  after  being  heated  at  pas¬ 
teurizing  temperature,  is  kept  at  a  low  temperature  say  40  F.  Spor es 
of  these  bacteria  survive  for  a  long  time  in  milk  kept  on  ice,  but  it  has 
not  been  proved  that  they  are  injurious  to  health. 

Suitability  of  Pasteurized  Milk  for  Infant  Feeding— During  an 
eighteen  month  period  eight  baby  stations  were  maintained  by  Mr. 
Geo.  M.  Oyster,  Jr.,  in  different  sections  of  Washington,  D.  C.,  and,  in 
cooperation  with  about  twenty  physicians,  observations  were  made  to 
determine  the  effect  of  pasteurized  milk  for  infant  feedihg.  Graduate 
nurses  were  employed  by  Mr.  Oyster  to  record  facts  regarding  home 
and  family  conditions,  to  weigh  the  babies  and  observe  their  progress, 
and  to  dispense  the  prescribed  milk  at  the  stations.  Raw  m, lk  was 
prescribed  exclusively  for  one  group  of  babies,  and  pasteurized 
was  prescribed  exclusively  for  another  group.  For  a  thud  group, 
pasteurized  and  raw  milk  were  prescribed  at  different  times.  (8) 

“In  the  raw  milk  group,  which  included  351  babies  for  whom  raw 
milk  exclusively  was  prescribed,  we  find  the  average  net  gam  per  day  per 

b  lb“  In  the  pasteurized  milk  group,  which  included  557  babies  for  whom 
pasteurized  milk  amounting  to  .0047  of  an  ounce  per  day,  per  baby. 
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“  The  average  net  gain  per  day,  per  baby,  for  110  babies  fed,  on  both 
raw  and  pasteurized  milk  at  different  periods  was  .4312  ounce  during 
the  period  when  raw  milk  was  prescribed  and  .4607  ounce  when  pas¬ 
teurized  milk  was  fed.” 

These  results  seem  to  show  that  no  possible  injury  to  the  nutritive 
properties  of  milk  can  take  place  as  a  result  of  proper  pasteurization. 

Nathan  Strauss,  whose  name  stands  preeminent  as  the  result  of  his 
wonderful  philanthropic  work  through  his  milk  stations  for  children, 
had  the  milk  pasteurized  and  saved  the  lives  of  innumerable  babies. 

As  vitamin  C  is  injured  or  destroyed  during  pasteurization,  an  infant 
living  on  milk  alone  must  receive  an  anti-scorbutic  such  as  orange  or 
tomato  juice.  This,  however,  is  good  practice  even  with  raw  milk. 

ADVANTAGES  OF  PASTEURIZATION 

Proper  pasteurization  of  milk  has  the  following  advantages: 

1.  It  makes  the  milk  safe  by  destroying  any  pathogenic  bacteria 
that  may  be  present. 

2.  It  prolongs  the  life  of  the  milk  by  reducing  the  number  of  lactic 
acid  organisms. 

3.  It  reduces  the  total  bacterial  count  of  the  milk  by  approximately 
99  per  cent. 

The  most  important  advantage  of  the  process  is  that  it  constitutes 
an  additional  safeguard  to  milk,  even  if  it  has  been  produced  and 
handled  under  the  most  rigid  system  of  inspection. 


TABLE  92 

Comparison  of  Extent  of  Pasteurization  of  Milk  in  the  Same  Cities  for 

the  Years  1924  and  1930 


Population  of  Cities. 

Nur 
of  C 

nber 

ties. 

Number 
of  Cities 
with  No 
Pasteur¬ 
ized  Milk. 

Average 

Percent¬ 

age 

of  Milk 
Pasteur¬ 
ized. 

Percentage 
of  Cities 
with 

90  to  100 
Per  Cent 
Pasteur¬ 
ized. 

Percentage 
of  Cities 
with 

50  to  100 
Per  Cent 
Pasteur¬ 
ized. 

Percent¬ 

age 

of  Cities 
with 

10  to  50 
Per  Cent 
Pasteur¬ 
ized. 

Percent¬ 

age 

of  Cities 
with 

0  to  10 
Per  Cent 
Pasteur¬ 
ized. 

1924 

1930 

1924 

1930 

1924 

1930 

1924 

1930 

1924 

1930 

1924 

1930 

1924 

1930 

500,000  anti  over .... 
100,000  to  500,000. 
75,000  to  100,000. 
50,000  to  75,000 ... 
25,000  to  50,000 
10,000  to  25,000 

6 

37 

10 

14 

24 

34 

6 

37 

10 

14 

24 

34 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

1 

97.8 

75.9 
78.0 

64.5 
68.1 

37.5 

98.7 

84.7 

84.5 

76.5 

78.7 

61.6 

100.0 

43.2 
50.0 
21.4 

29.2 
11.8 

100.0 

56.8 
50.0 

42.9 
37.5 
32.3 

100.0 

89.2 
80.0 
85.7 

79.2 

41.2 

100.0 

91.9 

90.0 

85.7 
87.5 

64.7 

0 

10.8 

20.0 

14.3 
20.8 

29.4 

0 

8.1 

10.0 

14.3 
12.5 

32.3 

0 

0 

0 

0 

0 

29.4 

0 

0 

0 

0 

0 

3.0 
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EXTENT  TO  WHICH  PASTEURIZATION  IS  PRACTICED 

The  tendency  in  this  country  has  been  towards  the  pasteurization  of 
all  milk  with  the  exception  of  certified  milk  and  milk  produced  under 
special  supervision.  Table  92  shows  the  results  of  a  survey  made  by 
the  Bureau  of  Dairy  Industry,  U.  S.  Dept.  Agri.,  of  the  extent  of  pas¬ 
teurization  in  cities  of  this  country  in  1924  and  1930.  (9) 


REQUIREMENTS  FOR  PASTEURIZATION 

Laws,  ordinances,  and  regulations  governing  the  time  and  tempera¬ 
ture  are  becoming  more  uniform.  Table  93  shows  the  requirements  of 
321  cities  in  1928. 


TABLE  93 

Municipal  Temperature  and  Time  Requirements  of  Milk  Pasteurization 


Temper¬ 

ature 

Require¬ 

ments. 

°F. 

Num¬ 

ber 

of 

Cities. 

Aver¬ 

age 

Time. 

Min¬ 

utes. 

Maxi¬ 

mum 

Time. 

Min¬ 

utes. 

Mini¬ 

mum 

Time. 

Min¬ 

utes. 

Time 

Require¬ 

ments. 

Min¬ 

utes. 

Num¬ 

ber 

of 

Cities. 

Aver¬ 

age 

Temper¬ 

ature. 

°F. 

Maxi¬ 

mum 

Temper¬ 

ature. 

°F. 

Mini¬ 

mum 

Temper¬ 

ature. 

°F. 

140 

51 

23.4 

30 

20 

FI* 

3 

173.7 

176 

170 

142 

149 

30 

30 

30 

0.5 

3 

165 

165 

165 

143 

9 

30 

30 

30 

1 

1 

165 

165 

165 

144 

5 

30 

30 

30 

3 

1 

158 

158 

158 

145 

88 

23.8 

30 

20 

5 

3 

156.7 

160 

155 

148 

1 

15 

15 

15 

10 

2 

156 

160 

152 

150 

3 

18.3 

20 

15 

15 

3 

151 

155 

148 

152 

1 

10 

10 

10 

20 

14 

144.4 

157 

140 

155 

3 

10 

15 

5 

25 

6 

143.7 

145 

140 

157 

1 

20 

20 

20 

30 

285 

142.5 

145 

140 

158 

1 

3 

3 

3 

160 

2 

7.5 

10 

5 

165 

4 

0.6 

1 

0.5 

170 

1 

FI* 

FI* 

FI* 

175 

1 

FI* 

FI* 

FI* 

176 

1 

FI* 

FI* 

FI* 

*  FI  =  Flash. 


This  table 
ment  of  142 
minutes. 


shows  that  149  cities  of  the  321  had  a  temperature  require- 
o  F.,  and  that  285  cities  had  a  holding  time  of  thirty 


EFFECT  OF  ORDINANCE  REQUIRING  PASTEURIZATION  337 


Fig.  111. — Location  of  city  milk  plants  in  Detroit  before  compulsory 

pasteurization.  (10) 


EFFECT  OF  ORDINANCE  REQUIRING  PASTEURIZATION  ON  THE  NUM¬ 
BER  OF  MILK  PLANTS  IN  CITIES 

1  he  requirement  by  the  city  officials  that  all  milk  be  pasteurized 
usually  causes  many  of  the  small  dealers  to  combine  and  form  a  larger 
plant,  oi  to  go  out  of  the  milk  business  altogether.  Prior  to  the  enforce¬ 
ment  of  the  pasteurization  ordinance  in  Detroit,  Michigan,  there  were 
158  milk  dealers  in  the  city.  On  August  1,  1915,  three  months  after 
the  pasteurization  ordinance  became  effective,  the  number  of  plants 
had  been  reduced  to  68.  (10). 


COST  OF  PASTEURIZING  MILK  AND  CREAM 

Pasteurization  of  milk  and  cream  adds  only  slightly  to  the  cost  and 
on  account  of  the  improved  keeping  quality  of  the  product,  it  is  undoubt- 
ec  y  advisable  from  a  purely  commercial  standpoint,  Bowen  (11) 
made  a  study  of  the  cost  of  pasteurization  of  milk  in  1913-14  at  com¬ 
mercial  plants  in  actual  operation.  In  1922  he  revised  his  figures 
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basing  them  on  current  costs  of  materials  and  labor.  The  following  is 
his  conclusion: 

The  average  cost  of  pasteurizing  1  gallon  of  milk  is  shown  to  be 
$0.0049. 

The  following  are  the  items  that  were  considered  in  the  costs: 

1.  Depreciation  and  repairs  of  pasteurizers  vats,  coolers,  engine, 
boiler,  shafting,  etc. 

2.  Interest  on  capital  invested  in  above. 

3.  Labor  for  pasteurizing. 


© 


Fiq  H2 —System  of  milk  distribution  in  Detroit  after  compulsory 

pasteurization.  (10). 


4. 

5. 

6. 


>st  of  coal  at  $8.16  per  ton.  n  ,  •  r 

)St  of  cooling  water  at  75  cents  per  1000  cubic  feet. 

)st  of  refrigeration  at  $2.00  per  ton. 
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PASTEURIZATION  OF  MILK  ( Continued ) 


PASTEURIZING  MACHINERY 

Pasteurizing  equipment  consists  of  heaters,  holders  and  coolers,  all 
of  which  have  been  developed  in  great  variety.  Coolers  were  considered 
on  pages  284  to  288  on  “  Milk  Plant  Equipment.”  In  the  flash  system 
of  pasteurization  (heating  to  a  high  temperature  for  a  short  period  of 
time)  only  a  heater  and  cooler  are  required.  With  the  holding  system 
the  same  apparatus  may  serve  the  purpose  of  both  heater  and  holder, 
though  with  most  systems  separate  units  are  required  for  each. 

Heaters. — The  kinds  of  heaters  most  generally  used  are  batch  heaters 
and  continuous-flow  heaters.  Table  94  shows  the  number  of  plants  of 


TABLE  94 


Number  of  Plants  of  Various  Sizes  Using  Specified  Systems  of  Heating 

Milk  (4) 


Number  of  Gallons 
of  Milk  Handled 
Daily. 

Num¬ 
ber  of 
Plants. 

Plants  Using 
Batch  Heaters 

Plants  Using  Continuous-Flow 
Heaters 

Spray 

Vat. 

Vat. 

Tank. 

Dan¬ 
ish  or 
Kettle. 

Barrel. 

Inter¬ 

nal 

Tubu¬ 

lar. 

Open 

Tube. 

Film 

or 

Drum. 

33 

5 

19 

*5 

0 

3 

1 

0 

0 

31 

3 

21 

3 

1 

3 

3 

u 

0 

i  nm  tn  9  OOO . 

44 

2 

15 

3 

2 

9 

12 

11 

15 

19 

12 

1 

1 

0 

It 

It 

o  nni  tr»  3  000  . 

36 

1 

12 

4 

0 

6 

a  nm  t.r»  K  000  . 

44 

1 

6 

0 

3 

18 

~  nm  tr»  1 0  000  . 

57 

2 

11 

0 

4 

19 

i 

29 

0 

3 

1 

1 

10 

Over  20,000 . 

22 

0 

0 

0 

5 

12 

4 

Total . 

299 

14 

87 

16 

16 

80 

77 

i 

4 

*  1  starter  can. 


f  Electropure  system. 


Plants 
Using 
Vat  in 
Com¬ 
bina¬ 
tion 
with 
Pre¬ 
heater. 


0 

0 

1 

1 

0 

2 

0 

0 


4 


various  sizes  usin*  the  specified  systems  of  «  miljc  Bwfflto 
noted  that  batch  heaters  are  more  common  at  the  smal  P 
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that  the  continuous-flow  heaters  are  more  common  at  the  larger  plants. 
The  latter  statement  is  especially  true  of  the  barrel  and  internal-tubular 
types. 

Batch  Heaters—  Batch  heaters  are  of  the  following  types:  Rect¬ 
angular-shaped  vat  (Fig.  113),  in  which  a  coil  containing  the  heating 


vats,  and  tubular  coolers. 


medium  is  revoked,  thus  heating  the  milk  and  keeping  it  agitated  so 
that  the  cream  does  not  rise;  vat  similar  to  the  above,  except  that  the 
cod  is  hung  vertically  instead  of  horizontally  and  the  vat  is  more  nearly 

whichethean'RCtaKgU.labln  Shapc;  sPeciaI-metaI  or  glass-lined  tank  in 
wh  ch  the  milk  is  heated  by  the  introduction  of  the  heating  medium  in  a 

jacket  surrounding  the  tank,  the  milk  in  the  tank  being  gently  agUated 

by  a  revolving  paddie;  spray  vat,  similar  to  rectangular-shaped  vat 

xcept  that  it  is  narrower  and  no  coil  is  required,  as  the  milk  is  heated  bv 

forcing  hot  water  in  sprays  around  the  outer  surface  of  the  tank  The 

tank  containing  the  mi'k  is  inclosed  by  another  tank,  thus  forming  a 

the  inner  tank”  fl^toYhe'  b^ZToTTht  0^^^ ^”1  °f 

rr 

frame  of  the  vat  keep  the  milk  agitated  during^proZ1  ^  ‘°P 

Batch  heaters  are  simple  in  construction  and  eaaTo^rated.  For 


342 


PASTEURIZATION  OF  MILK  ( Continued ) 


small  plants  vats  or  tanks  are  economical  on  account  of  their  many 
uses.  Besides  serving  as  heaters  they  are  used  as  holders  and  may 
also  be  used  in  place  of  receiving  and  storage  tanks.  The  milk  when 
received  may  be  dumped  into  the  vats  and  held  at  the  desired  tem¬ 
perature  until  ready  for  pasteurization.  At  small  wholesale  plants 
the  milk,  after  being  heated  and  held,  is  sometimes  cooled  in  the  vats 
and  stored  in  them  at  a  low  temperature  until  it  is  drawn  into  cans 
ready  to  be  sent  out  on  the  delivery  routes.  If  the  batch  heaters  and 
holders  are  properly  operated  all  the  milk  will  be  held  at  the  pasteuriza¬ 
tion  temperature  for  the  required  length  of  time,  although  some  of  it 
will  be  held  slightly  longer  than  thirty  minutes.  During  the  holding 


Fm.  114.— A  battery  of  tank  pasteurizers. 


process  the  milk  comes  in  contact  with  no  additional  surfaces  between 
the  heating  and  cooling  processes,  so  that  there  is  no  extra  apparatus 
to  keep  clean  or  to  recontaminate  the  milk.  Where  batch  heaters  are 
used  the  capacity  of  the  plant  may  be  readily  increased  by  adding  more 


units 


ts 

Although  it  is  possible  to  cool  the  milk  completely  in  the  vats  after 
pasteurizing  by  forcing  cold  water  and  brine  through  the  coils,  t  is  is 
not  a  desirable  practice  when  milk  is  to  be  put  into  bottles.  It  is  then 
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desirable  to  use  a  separate  cooler,  as  cooling  in  the  vat  below  a  tem¬ 
perature  of  100°  F.  (2)  tends  to  injure  the  cream  line. 

A  continuous  system  of  pasteurization  may  be  obtained  by  installing 
a  battery  of  three  or  more  vats  or  tanks.  (Fig.  113.)  While  the  third 
vat  is  being  filled  and  heated  the  milk  in  the  second  is  being  held  and 
that  in  the  first  is  being  drawn  off  over  the  cooler,  which  should  be  of 
ample  capacity  to  cool  the  milk  as  fast  as  it  is  drawn  from  the  vats. 
If  the  milk  is  cooled  to  about  110°  or  115°  F.  in  the  vats  before  it  is 
allowed  to  go  to  the  cooler  all  the  milk  will  be  held  at  the  pasteurizing 


Fig.  115.— Danish  heater  with  tank  holder. 


emperature  for  a  uniform  length  of  time  and  the  capacity  of  the  outfit 
will  be  increased.  Another  advantage  of  precooling  is  that  the  record- 
g  thermometer  wdl  show  the  exact  time  the  milk  has  been  held  at 

the  nir'nnd  }  ^  ^  *  be  kept  dosed  to  avoid  examination  from 

revolve  !t  eVap°ratl0nj  of  the  milk-  ^  is  important  that  the  coils 
,  pr0per  sPeed>  K  they  are  allowed  to  revolve  too  fast 
lnjury  to  the  cream  line  may  result. 

At  plants  where  the  flow  of  milk  to  and  from  the  vats  is  not  auto 
matically  controlled  the  attendant  must  spend  a  considerable  portion 
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of  his  time  operating  the  valves.  Since  it  is  possible  for  him  to  slight 
the  holding  time  without  its  being  detected  by  the  records,  a  dependable 
man  for  his  work  is  essential. 

Continuous- flow  Heaters. — In  general  continuous-flow  heaters  are 
of  greater  capacity  for  the  amount  of  floor  space  required  than  are 
batch  heaters.  Continuous-flow  heaters  are  of  the  following  types: 
Danish  or  kettle  heater  (Fig.  115),  barrel  heater,  drum  or  film  heater, 
and  internal-tubular  heater.  The  Danish  or  kettle  heater  consists  of 
a  kettle-like  chamber  surrounded  by  a  jacket.  Live  steam  enters  the 
jacket  through  small  jets.  This  steam  condenses  and  the  jacket  is 
filled  with  hot  water,  which  heats  the  milk.  The  temperature  of  the 
water  is  maintained  by  the  introduction  of  steam  through  the  jets. 

The  milk  enters  the  pasteurizer  at  a  point  near  the  bottom  and  is 
thrown  against  the  sides  of  the  hot-water  jacket  by  a  revolving  paddle 
and  forced  out  through  a  pipe  at  the  top  of  the  machine.  Milk  can  be 
elevated  several  feet  with  this  machine. 

The  barrel  heater  (Fig.  116)  consists  of  a  series  of  pipes  surrounded 
by  a  hot- water  jacket.  The  milk  is  heated  by  the  introduction  of  live 
steam  into  the  jacket.  The  milk  enters  at  the  bottom  and  passes  back 
and  forth  from  one  end  to  the  other  through  the  various  pipes  and  finally 
comes  out  at  the  top  through  a  pipe.  The  milk  pump  is  placed  in 
front  of  the  machine  and  the  milk  is  pumped  through  the  series  of 
pipes  or  tubes.  A  thermometer  is  placed  in  the  outlet  pipe  of  both 

the  Danish  and  barrel  types  of  heaters. 

Very  little  floor  space  is  required  for  the  Danish  and  barrel  heaters. 
They  may  be  used  with  almost  any  type  of  holder  and  are  used  also 
where  the  flash  system  of  pasteurization  is  practiced.  This  system 
of  pasteurization  is  not  to  be  recommended,  but  the  heating  units 
are  satisfactory  if  used  with  a  holding  device.  These  heaters  require 
only  a  comparatively  small  investment.  Cleaning  is  not  difficult,  as 
the  area  with  which  the  milk  comes  in  contact  is  not  large.  Accurate 
control  of  the  temperature,  however,  is  rather  difficult.  The  heating 
surface  is  so  small  that  the  heating  medium  must  be  of  a  considerably 
higher  temperature  than  that  to  which  the  milk  is  to  be  heated  and 
steam  is  introduced  directly  into  the  heating  chamber.  As  the  tem¬ 
perature  of  the  medium  is  sometimes  allowed  to  become  as  hig  as 
from  190°  to  200°  F.,  portions  of  the  milk  may  be  overheated  unless 
considerable  care  is  exercised.  The  flow  of  the  milk  to  the  machine  as 
well  as  its  temperature,  will  fluctuate  somewhat,  and  unless  an  accurate 
automatic  temperature  control  is  attached  there  is  almos  cer 
an  unevenness  of  temperature  in  the  milk  as  it 
even  though  a  man  spends  his  entire  time  operating  the  machine. 
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Good  results  are  obtained  by  using  a  preheater  or  a  regenerator  in 
conjunction  with  these  heaters.  In  this  way  the  capacity  is  increased, 
and  the  tax  on  the  machine  lessened;  extremely  high  temperatures 
need  not  be  used.  At  some  plants  using  this  system  of  pasteurization 
the  milk  is  heated  to  from  110°  to  120°  F.  before  it  enters  the  pasteurizer 
proper;  thus  the  milk  has  to  be  heated  only  25°  to  35  more  in  the 
machine.  Much  more  satisfactory  and  uniform  results  are  obtained 
in  this  way.  Temperatures  obtained  with  preheating  systems  are 
shown  in  Table  96,  page  351. 

A  combination  of  the  barrel  or  Danish  heater  and  a  series  of  vats 
or  tanks  will  produce  good  results.  The  milk  can  be  heated  to  120° 
to  135°  F.  before  it  goes  to  the  vats  or  tanks,  and  thus  the  dangers  of 
overheating  can  be  eliminated.  The  remainder  of  the  heating  will 
be  accomplished  in  the  vats  or  tanks,  and  the  milk  will  be  held  in 
them  until  it  is  to  be  cooled. 

In  the  drum  or  film  heater  the  milk  flows  either  in  a  thin  film 
through  two  or  more  upright  heating  surfaces  or  over  a  drum  inside 
of  which  is  the  heating  medium. 

With  the  internal  tubular  heater  (Fig.  97)  the  milk  passes  through 
a  tube  inclosed  within  another  tube.  In  some  of  these  heaters  the 
outer  tube  is  insulated  to  prevent  loss  of  heat  by  radiation.  The  tem¬ 
perature  of  the  water  is  maintained  by  the  introduction  of  steam  before 
it  enters  the  tubes.  With  the  usual  types  of  this  machine  the  hot 
water  enters  at  one  end  and  is  discharged  at  the  other  end,  traveling 
in  the  direction  opposite  to  that  in  which  the  milk  travels.  Thus  the 
temperature  of  the  water  when  it  is  discharged  from  the  machine  will 
have  been  reduced  nearly  to  that  of  the  milk.  Furthermore,  the  milk 
is  heated  without  any  extreme  fluctuations  of  temperature.  As  the 
water  can  be  forced  through  the  tubes  rather  rapidly  and  the  area 
of  the  heating  surface  is  comparatively  large,  the  temperature  of  the 
water  need  not  be  much  higher  at  any  time  than  the  temperature  to 
which  the  milk  is  to,  be  heated. 

In  one  of  the  modern  internal-tubular  heaters  the  machine  is 
divided  into  sections  and  the  hot  water  enters  and  discharges  from 
each  section  as  a  unit.  With  this  system  it  is  necessary  to  heat  the 
water  m  each  section  to  a  temperature  only  slightly  higher  than  that 

w  lch  the  milk  is  to  be  heated,  and  the  water  is  used  more  effi¬ 
ciently  than  m  the  older  types  of  tubular  heaters,  as  it  does  not  travel 
over  so  great  an  area  before  it  is  discharged 

heater:  f°n°Wing  *"  ““  °f  the  advantaSes  of  the  internal-tubular 
Simplicity. 


346 


PASTEURIZATION  OF  MILK  ( Continued ) 

Comparative  inexpensiveness  of  some  types. 

Adaptability  to  increase  in  capacity  by  adding  additional  units. 

Durability— few  moving  parts  to  get  out  of  repair. 

Easy  utilization  of  the  regenerative  principle  of  heating,  which 
makes  for  economy  of  heat  and  refrigeration. 

Easy  sterilization,  since  by  closing  the  ends  of  the  tubes  steam  can  be 
introduced  under  pressure  and  the  apparatus  thoroughly  treated. 

Extremely  high  temperatures  of  the  heating  medium  not  necessary. 

The  pipes  or  tubes  of  this  type  are  made  to  stand  pressure,  and 
steam  may  be  introduced  into  them  under  pressure  for  treatment 
to  kill  bacteria.  These  machines  are  constructed  in  small  units,  so 
that  they  can  be  adapted  to  plants  of  various  sizes,  and  the  capacity 
of  the  heater  may  be  increased  at  any  time  by  the  installation  of 
additional  units. 

It  is  very  important  that  pumps  supplying  milk  to  all  continuous- 
flow  heaters  should  not  be  run  too  fast  and  that  a  uniform  quantity  of 
milk  should  be  allowed  to  flow  to  the  pumps.  All  machines  should  have 
automatic  temperature  controls. 

Holders.— After  the  milk  has  been  heated  to  the  pasteurizing  tem¬ 
perature  it  must  be  held  at  that  temperature  for  thirty  minutes.  In 

TABLE  95. 


Number  of  Plants  of  Various  Sizes  Using  Specified  Kinds  of  Holders  (4) 


Number  of  Gal¬ 
lons  of  Milk 
Handled  Daily. 

Total 

Number 

of 

Plants. 

Plants  Holding  Milk  in — 

Batch  Holders. 

Continuous-flow 

Holders. 

Vat. 

Tank. 

Spray 

Vat. 

Station¬ 

ary 

Pocket. 

Revolv¬ 

ing 

Pocket. 

Tubu¬ 

lar. 

Flow  Tank 
(Retarder). 

500  or  less. . .  . 

35 

20 

6* 

5 

2 

0 

1 

1 

501  to  1,000. . 

33 

21 

5 

3 

1 

• 

0 

3 

0 

1,001  to  2,000 

42 

17 

11 

3 

6 

0 

5 

0 

2,001  to  3,000 

34 

17 

7 

1 

3 

0 

G 

0 

3,001  to  5,000 

43 

9 

6 

1 

19 

0 

8 

0 

5,001  to  10,000 

59 

19 

7 

2 

13 

2 

15 

1 

10,001  to  20,000 

27 

5 

7 

0 

9 

1 

5 

u 

n 

Over  20,000. . . . 

21 

3 

10 

0 

5 

1 

u 

Total . 

294 

111 

59 

15 

58 

4 

45 

2 

*  1  starter  can. 
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order  that  the  holding  temperature  may  be  maintained  for  the  required 
length  of  time,  the  apparatus  should  be  insulated  or  jacketed.  The 
holder  is  usually  separate  from  the  heater.  In  general  there  are  two 
types  of  holders — batch  holders  and  continuous-flow  holders. 

Table  95  shows  the  number  of  plants  of  various  sizes  using  specified 
kinds  of  holders.  Although  the  batch  holders  were  the  more  com¬ 
mon,  a  large  number  of  the  continuous-flow  holders  of  the  tubular 
type  were  in  use.  Only  two  flow-tank  holders  were  in  use  at  the  plants 


Fig.  116.  Left,  a  holder  of  the  compartment  type;  right,  a  barrel  heater. 
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PASTEURIZATION  OF  MILK  (< Continued ) 

At  small  plants  where  only  one  or  two  tanks  or  vats  are  used  the  method 
of  operating  by  hand  is  rather  common. 

Pocket  holders  are  either  stationary  or  revolving.  One  type  of 
stationary  pocket  holder  consists  of  a  series  of  tanks  into  which  the 
heated  milk  flows,  and  from  which  it  is  released  after  the  holding 
period,  the  piocess  of  letting  the  milk  in  and  out  being  automatic. 
Another  type  has  a  series  of  compartments  with  valves  at  the  entrance 
and  discharge  end  of  each  (Fig.  116).  These  valves  are  automatically 
controlled  by  a  revolving  mechanism  which  is  operated  by  a  motor. 


Fig.  117. — Revolving  pocket  holder  with  heater  and  filters  at  right. 


These  holders  should  be  checked  from  time  to  time  to  see  that  the 
operation  of  the  valves  is  perfectly  controlled,  that  none  of  the  valves 
leak,  and  that  the  valve  at  the  discharge  end  of  the  compartment  to 
be  filled  is  always  closed  tight  before  the  milk  begins  to  flow  in  so  that 
none  of  the  milk  will  pass  through  without  being  held. 

The  revolving  pocket  holder  shown  in  Fig.  117  is  divided  into 
eight  compartments.  The  milk  flows  from  the  heater  to  one  of  these 
compartments.  The  device  revolves  slowly,  and  when  the  particular 
compartment  reaches  a  certain  point  the  milk  is  automatically  release 
through  a  passage  and  it  then  goes  to  the  cooler.  As  the  tank  revolves 
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this  compartment  is  again  filled.  The  apparatus  is  so  controlled  auto¬ 
matically  that  thirty  minutes  elapses  from  the  time  any  compart¬ 
ment  is  filled  before  the  milk  is  released  to  the  cooler. 

Neither  the  stationary  nor  the  revolving  type  of  compartment 
holder,  if  operated  properly,  holds  the  milk  much  longer  than  one- 
half  hour,  as  a  compartment  is  emptied  in  a  comparatively  short  time. 

Continuous-Flow  Holders. — In  the  continuous-flow  holders  the 
flow  of  milk  is  retarded  by  some  obstruction,  such  as  baffle  plates  or 
turns  in  the  apparatus.  One  type  of  holder  consists  of  a  series  of 
tanks.  The  milk  flows  from  one  tank  as  soon  as  it  is  full  to  the  next 


f  7  tfrdlii;g  ro?m  of  a  modern  miik  p,ant>  ^mg  ^age  tank* 

nd  heater  at  left  and  revolving  continuous-flow  holder  on  the  mezzanine  floor. 


tank.  It  is  supposed  to  take  thirty  minutes  for  the  milk  to  flow  from 
e  entrance  of  the  first  tank  to  the  discharge  end  of  the  last  tank, 
but  tests  have  shown  that  the  holding  time  is  not  always  uniform 
Another  type  of  continuous  holder  consists  of  a  series  of  long  tubes 
through  which  the  milk  passes  from  the  heater  to  the  cooler.  Tests 
c  \  e  indicated  that  this  holder  is  accurate  as  long  as  the  pump  is  oper 
ated  at  the  specified  speed.  (Figs.  91  and  97.)  P 

In  still  another  type  (Fig.  118)  the  milk  enters  at  one  end  of  tho 

to  7?  7  ~  **  S 

teen  developed,  but  very  satisfactory  results  a^e  Tepold ro "T hole 
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Tests  to  Determine  Accuracy  of  Holders  —Good  results  have  been 
obtained  with  many  continuous-flow  holders.  In  some  types,  how¬ 
ever,  some  of  the  milk  may  not  be  held  so  long  as  the  rest,  or  all  of  it 
may  be  forced  through  the  apparatus  and  none  be  held  the  proper 
length  of  time.  Tests  should  be  made  on  all  continuous  holders  to 
ascertain  whether  the  milk  is  being  properly  held,  and  only  those  hold¬ 
ers  that  are  accurate  should  be  used. 

Several  tests  are  quite  reliable,  among  them  the  color  tests  and  the 
temperature  test.  With  the  color  test  the  holder  is  filled  with  water 
and  the  apparatus  set  in  operation  in  the  usual  way.  A  solution  of 
a  substance  of  a  distinctive  color  is  introduced  at  the  entrance  of  the 
holder  and  the  time  that  the  color  first  appears  at  the  outlet  of  the 
holder  is  observed  by  the  operator.  Methylene  blue  and  uranin  have 
been  used  for  the  operation  of  the  color  test.  With  the  temperature 
test  the  temperature  of  the  water  as  it  enters  the  holder  is  suddenly 
raised  or  lowered  several  degrees  and  the  time  at  which  the  tempera¬ 
ture  of  the  water  at  the  outlet  of  the  holder  changes  is  noted.  Certain 
kinds  of  bacteria  which  produce  a  distinctive  color  have  also  been  used 
for  testing  the  accuracy  of  the  holding  time  of  continuous-flow  holders. 

Regenerative  Principle  in  Pasteurization. — By  applying  the  so-called 
regenerative  principle  of  pasteurization  many  plants  are  able  to  cut 
down  the  amount  of  heat  and  refrigeration  required.  This  principle 
may  be  applied  when  either  milk  or  water  is  used  as  the  heating  or 
cooling  medium.  With  one  type  of  milk-regenerative  system  the  cold, 
raw  milk  before  going  to  the  pasteurizer  passes  through  the  first  section 
of  the  cooling  tubes  over  which  the  hot  milk  from  the  holder  flows. 
With  the  other  type  the  cold,  raw  milk  passes  over  the  outside  of  the 
tubes  and  the  hot  pasteurized  milk  coming  from  the  holder  passes 
through  the  tubes.  With  these  milk  regenerative  systems  the  incom¬ 
ing  milk  is  often  heated  to  between  110°  and  120°  F.  before  it  goes  to 
the  heater  proper,  while  the  hot,  pasteurized  milk  is  precooled  by  the 
incoming  milk  often  to  60°  to  70°  before  it  reaches  the  tube  containing 

the  cooling  water. 

With  the  water-regenerative  system  the  water  from  the  first  sec¬ 
tion  of  the  cooler,  having  been  heated  to  within  a  few  degrees  of  the 
hot  milk  which  passes  over  the  tubes  through  which  the  water  flows, 
needs  to  have  only  a  few  heat  units  added  to  it  before  it  goes  to  the 
preheater  to  heat  the  incoming  milk.  The  water  from  the  heaer 
having  been  cooled  by  the  incoming  milk,  goes  to  the  cooler,  wher 

it  is  used  for  precooling  the  hot  milk. 

Table  96  and  Fig.  119  show  the  results  of  a  study  made  at  51  p 
using  the  milk-regenerative  system  and  17  plants  using  e  wa  er- 
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TABLE  96 

Temperatures  of  Milk  at  Pasteurizing  Plants  Using  Milk  or  Water 

Regeneration  (4) 


System  of 
Regeneration. 

Total 

Number 

of 

Plants. 

Temperature 
of  Milk  as 
Received. 

°F. 

Temperature 
of  Milk  after 
being  Pre¬ 
heated  by 
Regeneration. 

°F. 

Degrees  of 
Heat  Added 
to  Milk  by 
Regeneration. 

°F. 

Temperature 
of  Milk 
Coming  from 
Pasteurizer. 

°F. 

Aver¬ 

age. 

Range. 

Aver¬ 

age. 

Range. 

Aver¬ 

age. 

Range. 

Aver¬ 

age. 

Range. 

Milk . 

Water . 

51 

17 

42.6 

47.7 

33-55 

38-60 

113.1 

101.5 

70-130 

75-120 

70.5 

53.8 

25-90 

35-81 

143.4 

143.2 

140-145 

142-145 

TABLE  96 


Temperatures  of  Milk  at  Pasteurizing  Plants  Using  Milk  or  Water 

Regeneration  (4) — Continued 


System  of 
Regeneration 

Total 
Num¬ 
ber  of 
Plants. 

Degrees  of 
Heat  Added 
to  Milk  by 
Steam  or  Hot 
Water  (°  F.) 

Temperature 
of  Milk  after 
Being  Pre- 
Cooled  by 
Regeneration 
(°  F.) 

Degrees  of 
Heat  Taken 
from  Milk  by 
Regeneration 
(°  F.) 

Final  Temper¬ 
ature  of  Milk 
(°  F.) 

Degrees  of 
Heat  Taken 
from  Milk  by 
Refrigeration 
(°  F.) 

Aver¬ 

age. 

Range. 

Aver¬ 

age. 

Range. 

Aver¬ 

age. 

Range. 

Aver¬ 

age. 

Range. 

Aver¬ 

age. 

Range. 

Milk . 

51 

17 

30.1 

41.8 

13-73 

24-68 

77.5 

85.5 

50-120 

50-120 

65.6 

57.8 

23-93 

23-105 

39.8 
39. 1 

35—50 

35-45 

37.4 

46.4 

13-70 

10-108 

Water . 

regenerative  system.  Although  both  systems  effect  economies  in  the 
use  of  steam  and  refrigeration,  the  milk-regenerative  system  is  slightly 
more  efficient,  since  the  hot  milk  from  the  holder  directly  heats  the 

preheated  70  5°"f  ’  u™'  °n  “  avera«e>  the  milk  was 

F,  !  70  5  F'  W  h  the  milk-regenerative  system  and  53.8°  with 

wa  er-regenerative  system,  and  was  precooled  65.6°  with  the 

milk-regenerative  system  and  57.8°  with  the  water-regenerative  sy^ 

system  TTST** 

thr^whieh  the  incoming  raw  m^“  Jt  ^  *£ 
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Fig.  119. — Comparison  of  efficiency  of  milk  and  water  regenerative  systems  in  heating 
and  cooling  milk  (17  plants,  water-regenerative  system;  51  plants,  milk-regenerative 

system)  (4) 


At  many  plants  the  milk  is  preheated  by  regeneration  to  from 
85°  to  90°  F.  before  it  goes  to  the  clarifier  or  filter.  At  these  temper¬ 
atures  the  clarification  or  filtration  is  more  efficient,  and  less  foam  is 
produced  than  if  the  operation  is  performed  when  the  milk  is  cold. 
Preheating  also  helps  to  render  the  pasteurization  of  the  milk  more 
uniform,  as  the  milk  goes  to  the  machine  at  a  fairly  constant  temperature. 

Table  77  shows  that  at  27  of  the  56  plants  using  clarifiers  the  milk  was 
preheated  before  it  went  to  the  clarifier,  and  Table  78  shows  that  at  83 
of  the  245  plants  using  filters  the  milk  was  preheated  before  it  went  to 
the  filter.  In  many  cases  regeneration  is  used  for  the  preheating  process. 

OTHER  SYSTEMS  OF  PASTEURIZATION  (4) 

In-the-Bottle  Pasteurizers. — With  the  in-the-bottle  system  of 
pasteurization  the  milk  is  pasteurized  and  cooled  after  it  has  been  put 
into  the  bottles.  In  some  pasteurizers  the  bottles  of  milk  in  the  cases 
are  heated,  held,  and  cooled  in  the  same  apparatus  or  compartment. 
In  others  the  bottles  of  milk,  after  being  removed  from  the  cases  pass 
slowly  through  the  machine,  being  heated  at  the  beginning  and  cooled  at 
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the  end  of  the  process.  It  takes  30  minutes  for  the  bottles  of  milk  to  pass 
from  the  point  where  they  have  been  heated  to  the  pasteurizing 
temperature  to  the  point  where  cooling  is  begun.  The  milk  usually 
is  heated  by  passing  sprays  of  hot  water  over  the  bottles.  Either  a 
special  cap  is  used  or  the  bottles  are  covered  with  a  specially  con¬ 
structed  pan.  In  the  latter  case  the  hot  water  flows  through  small 
holes  in  the  pan  and  passes  over  the  bottles  in  the  form  of  a  film.  The 
milk  is  cooled  by  changing  from  hot  water  to  cold.  With  some  types 
of  in-the-bottle  pasteurizers,  after  the  milk  has  been  heated,  held,  and 
cooled  it  remains  in  the  machines  and  is  kept  at  a  low  temperature 
until  time  for  delivery.  With  one  type,  the  milk  in  the  bottles  is 
heated  by  live  steam  and  cooled  by  immersing  the  bottles  in  cold 
water.  With  still  another  type  the  bottles  of  milk  are  heated  by  being 
immersed  in  vats  containing  hot  water. 

The  chief  advantages  of  this  system  of  pasteurization  are  as  fol¬ 
lows:  (a)  It  has  no  apparatus,  pumps,  and  pipes  to  be  cleaned;  and 
(b)  there  is  little  chance  of  the  milk  being  recontaminated  after  pas¬ 
teurization,  provided  water-tight  caps  are  used  and  the  bottles  do 
not  have  to  be  recapped,  as  the  milk  does  not  come  in  contact  with 
any  other  apparatus  after  pasteurization.  The  chief  disadvantages 
of  this  system  are  as  follows:  (a)  It  is  rather  slow  for  a  large  plant; 
(6)  it  requires  considerable  floor  space;  (c)  the  cost  of  operation  is 
greater  than  with  the  other  systems  of  pasteurization,  since  extra 
heat  and  refrigeration  are  required  to  heat  and  cool  the  bottles  and 


caps  and,  with  some  types,  the  cases  also;  and  ( d )  either  a  more 
expensive  cap  must  be  used  or  many  of  the  bottles  may  have  to  be 
recapped,  in  which  case  the  milk  may  be  recontaminated.  Because  of 
these  disadvantages,  this  system  is  not  used  to  any  great  extent. 

Pasteurization  by  Electricity. — A  system  of  pasteurizing  milk  by 
electricity  has  been  developed  in  recent  years.  Usually  with  this  sys¬ 
tem  the  milk  is  cooled  at  once,  without  the  usual  thirty-minute  holding 
period  Anyone  contemplating  its  use  should  take  into  consideration 
he  following  factors:  (a)  Whether  or  not  this  method  of  pasteuriza- 
tion  without  holding  will  receive  the  approval  of  the  local  health 
u  onties  and  (6)  the  cost  of  operation  as  compared  with  that  in 
other  systems.  This  cost  will  depend  largely  on  the  rate  at  which 
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not  only  to  procure  efficient  pasteurization  but  also  to  avoid  injuring 
the  cream  line  and  the  chemical  properties  of  the  milk.  An  accurate 
automatic  device  for  controlling  temperatures  should  be  installed  on 
all  pasteurizing  outfits. 

Recording  and  Indicating  Thermometers. — All  pasteurizing  outfits 
should  also  be  supplied  with  thermometers  which  will  record  the 
temperature  to  which  the  milk  has  been  heated.  These  instruments 
will  also  record  the  time  required  to  heat  the  milk,  and  in  some  cases 
they  can  be  so  installed  as  to  show  the  time  the  milk  has  been  held  at 
the  pasteurizing  temperature.  From  the  records  made  by  these  instru- 


Fia.  120. _ Diagram  of  automatic  temperature  control  for  pasteurizing  plants. 


ments  the  plant  superintendent  is  enabled  to  keep  a  reliable  check  on 

the  operator  of  the  pasteurizer.  . 

In  addition  to  recording  thermometers,  pasteurizing  outfits  should 
also  be  equipped  with  indicating  thermometers.  The  divisions  on 
the  scale  of  such  thermometers  should  be  large,  so  that  the  tempera¬ 
ture  that  is  registered  can  be  readily  observed  by  the  operator. 

Special  Kinds  of  Valves.— It  is  important  that  the  heater  or  holder 
have  no  pockets  or  dead  ends  in  which  the  milk  is  not  subjected  to  the 
heating  process  or  to  sufficient  agitation  to  keep  the  temperature  up 

to  the  reauired  point  during  the  holding  period. 

Flush-type  valves  should  be  installed  on  all  pasteurizing  apparatus 
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where  there  is  any  likelihood  of  such  trouble,  i^eak-detector  valves 
should  be  used  in  inlets  and  outlets  of  pasteurizing  vats  or  other 
apparatus  where  a  leak  in  the  valve  might  result  in  some  of  the  milk 
passing  through  the  apparatus  without  being  heated  or  held  the 
required  length  of  time.  With  the  use  of  these  leak-detector  valves 
if  any  milk  does  leak  it  will  drop  on  the  floor. 


SELECTION  OF  PASTEURIZING  EQUIPMENT 

A  large  number  of  different  types  and  styles  of  pasteurizers  are  on 
the  market,  and  the  purchaser  should  know  what  requirements  are  to 
be  fulfilled  before  attempting  to  select  a  machine.  In  general,  the 
type  of  pasteurizer  selected  should  be  adapted  to  the  particular  plant 
for  which  it  is  intended.  A  small  plant  will  often  require  a  different 
type  of  machine  from  a  large  one.  A  plant  handling  milk  only  may 
require  a  different  type  from  that  required  by  one  handling  by-products 
also. 

Other  questions  which  have  a  bearing  on  the  selection  of  a  pas¬ 
teurizer  are:  Is  the  daily  output  constant?  Is  the  business  increasing 
or  constant?  The  large  dealer  must  have  a  machine  that  will  handle 
a  large  volume  of  milk  in  a  short  time. 

Among  the  points  to  be  considered  in  the  selection  of  a  pasteurizer 
are  the  following: 


1.  Simplicity  of  the  machine. 

2.  Ease  of  cleaning. 

3.  Ease  of  treating  to  kill  bacteria. 

4.  Economy  of  operation. 

5.  Avoidance  of  high  temperatures  in  the  heating  medium,  bv 

having  a  large  heating  area.  J 

6.  Accuracy  of  holding. 

7.  Initial  cost. 

8.  Durability. 

speed  Av0ldance  of  chance  of  forcing  the  milk  through  at  too  high  a 

a!  Minimum'of  agiSTof  thS ^  “ng  additionaI  units' 

12.  Minimizing  human  element  in  operation. 

13.  Heating  all  the  milk  uniformly. 

A  pasteurizer  with  parts  not  easily  accessible  will  require  extra  time 
for  cleaning,  and  should  be  avoided. 


OPERATION  OF  A  PASTEURIZING  PLANT 

dut"etopr;r:id°ritm;rirr/zer ? one  of  the  most 

petent  and  reliable  man  be  assignedto  tS  work.  ^  a  C°m' 
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In  operating  a  pasteurizing  plant  three  main  objects  are  desired, 
namely:  (a)  the  destruction  of  all  disease-producing  bacteria  and  the 
reduction  of  the  total  number  of  bacteria  in  the  milk,  with  the  conse¬ 
quent  improvement  in  the  keeping  quality;  (6)  the  economical  use 
ol  heat,  power,  and  labor;  and  (c)  a  good,  well-defined  cream  layer  in 
the  bottled  milk. 

In  order  to  pasteurize  milk  properly,  two  things  are  necessary: 

1.  Heating  and  holding  the  milk  at  the  proper  temperature,  with 
an  accurate  control  of  the  temperature.  (The  milk  should  be  heated  to 
142°  to  145°  F.  for  thirty  minutes.)  After  being  heated,  and  held  30 
minutes,  the  milk  must  be  cooled  to  45°  F.  or  below. 

2.  All  apparatus  which  comes  in  contact  with  the  milk  must  be 
thoroughly  cleaned  and  steamed  after  each  using. 

The  cleansing  and  steaming  of  the  apparatus  is  absolutely  essential 
for  good  results.  All  milk  pipes,  pumps,  and  filler  valves  must  be 
thoroughly  cleaned  and  rinsed  after  each  run  and  then  steamed  for  at 
least  five  minutes.  The  pasteurizer  also  must  be  thoroughly  washed, 
rinsed,  and  steamed.  Some  plants  get  poor  results  after  heating  and 
holding  the  milk  at  proper  temperature,  because  the  pipes  and  other 
apparatus  are  not  properly  cleansed  and  steamed.  All  bottles  and  cans 
must  be  thoroughly  cleansed  and  treated  to  kill  bacteria,  or  the  value  of 
the  pasteurization  will  be  greatly  reduced. 

Some  Causes  of  Poor  Pasteurizing  Results. — Some  of  the  causes  of 
poor  results  from  pasteurization  are: 

1.  Pipes  and  pumps  not  cleaned  and  steamed. 

2.  Filler  and  valves  not  cleaned  and  steamed. 

3.  Milk  rushed  through  the  apparatus  too  fast. 

4.  Milk  not  heated  high  enough  or  held  long  enough. 

5.  Temperature  recorder  not  accurate. 

6.  Raw  milk  added  to  pasteurized  milk  in  vat  (vat  pasteurizer) 

before  the  latter  is  all  drawn  out. 

7.  Pumps  and  piping  not  of  sanitary  construction. 

8.  Leaky  or  inaccurate  valves  which  allow  some  of  the  milk  to  get 
through  the  apparatus  without  being  held  the  proper  length  of  time. 

9.  Formation  of  foam  in  the  holder. 

10.  Bulb  thermometer  not  accurate. 


Important  Points  in  Pasteurization —The  following  are  important 
facts  to  consider  in  pasteurization: 

1.  Milk  to  be  pasteurized  should  not  contain  an  excessively  large 

number  of  bacteria.  ,  .  ,  ,  ,  ,  .  , 

2.  Heaters  with  large  heating  area  are  desirable,  and  high  tempera¬ 
ture  of  the  heating  medium  should  not  be  used. 
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3.  The  holding  process  must  be  positive  and  accurate,  and  so-called 
continuous  holders  should  be  tested  often  as  to  accuracy  of  holding. 

4.  Automatic  temperature  control  is  essential  for  all  pasteurizers. 

5.  Temperature-recording  instruments  should  be  used  at  all  pas¬ 
teurizing  plants. 

6.  The  heating  and  the  cooling  of  the  milk  should  be  done  quickly 
for  best  results. 

7.  The  milk  should  be  stored  after  pasteurization  in  a  well-insulated 
storage  room  at  a  temperature  of  45°  F.  Milk  should  be  iced  on  the 
delivery  wagons  during  warm  weather. 

8.  Leaky  valves  in  the  apparatus  should  be  avoided. 

9.  When  continuous  pasteurizers  are  used,  the  speed  of  the  pump 
which  forces  the  milk  through  the  apparatus  should  be  accurately 
controlled  so  that  the  milk  will  go  through  the  apparatus  at  a  uniform 
speed.  When  the  milk  flows  through  the  apparatus  by  gravity,  float 
valves  are  sometimes  used  to  control  the  flow. 

10.  Live  steam  under  a  small  pressure  should  be  applied  to  the 
pasteurizing  equipment  each  day. 


Great  care  should  be  taken  to  see  that  valves  in  the  pipe  line  do  not 
leak.  Leaky  valves  are  a  very  common  occurrence  in  many  milk  plants, 
and,  besides  being  very  insanitary,  they  cause  much  loss  of  milk.  No 
pains  should  be  spared  to  keep  all  valves  and  connections  in  the  milk 
lines  tight. 

The  proper  pasteurization  of  milk  is  a  simple  operation,  and  there 
is  little  excuse  for  the  poor  results  that  are  obtained  at  some  plants. 
Poor  results  are  usually  not  the  fault  of  the  type  of  pasteurizer  used, 
but  of  the  way  in  which  it  is  operated. 


Cleaning  the  Pasteurizer.— As  soon  as  the  milk  is  out,  water  should 
be  run  through  the  whole  apparatus,  and  may  be  followed  by  a  solution 
of  washing  powder.  It  will  then  be  necessary  to  take  the  apparatus 
apart,  disconnect  the  pipes  and  go  over  the  entire  equipment  with 
brushes  and  solutions  of  washing  powder.  After  the  entire  outfit  has 
been  thoroughly  cleaned,  it  should  be  rinsed  with  hot  water,  followed 
by  hve  steam  After  the  apparatus  is  put  together  and  all  joints  con- 
nected,  hve  steam  can  be  put  through  it  again. 


LABOR  REQUIRED  FOR  PASTEURIZING  AND  COOLING  MILK  AND 

CLEANING  EQUIPMENT 

Table  97  shows  the  relation  between  the  size  of  nlant  and  I  k 
requirements  for  pasteurizing  and  coolinir  the  mill-  .1  t  b 

the  equipment  at  112  plants.  According  to  the  taWe  M 
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TABLE  97 

Relation  between  the  Size  of  Plant  and  Labor  Requirements  for 
Pastel  rizing  and  Cooling  the  Milk,  Cleaning  the  Equipment  at  112 
Plants  (3) 


Group 

Milk  Handled. 

Gallons. 

Plants. 

Number. 

Milk  Pas¬ 
teurized 
and  Cooled 
per 

Man-hour. 

Gallons. 

Labor  Re¬ 
quired  per 
Day  for 
Cleaning 
Pasteurizing 
Equipment. 

Man-hours. 

Milk  Pas¬ 
teurized  and 
Cooled  per 
Man-hour 
(Including 
Cleaning 
Equipment). 
Gallons. 

1 

3,000  or  less . 

24 

439 

3.7 

246 

2 

3,001  to  5,000.  . . 

22 

690 

5.0 

341 

3 

5,001  to  10,000 . . 

38 

982 

9.3 

434 

4 

10,001  to  15,000.  . 

17 

1290 

17.3 

476 

5 

Over  15,000 . 

11 

1588 

24.4 

450 

man  can  do  little  more  than  attend  to  the  pasteurizing  equipment  dur¬ 
ing  the  operation.  Since  large  plants  usually  require  not  more  than  two 
men,  the  quantity  of  milk  handled  per  man  in  large  plants  is  much 
greater  than  in  small  plants. 

At  small  plants  the  man  who  operates  the  pasteurizer  often  does 
some  cleaning  during  the  last  part  of  the  run.  This  fact  partly  accounts 
for  the  comparatively  small  number  of  man-hours  for  cleaning  charged 
to  these  plants,  as  shown  by  Table  97.  Many  large  plants  have  found 
it  desirable  and  economical  to  employ  men  to  spend  their  entire  time 
in  cleaning  the  pasteurizing  and  cooling  equipment.  This  system, 
however,  would  not  be  practical  for  small  plants.  When  the  total 
amount  of  labor  for  pasteurizing  the  milk  and  cleaning  the  equipment 
is  considered  there  is  not  a  great  difference  between  the  quantity  of 
milk  pasteurized  per  man-hour  at  the  small  plants  and  at  the  large 

ones. 

CREAM  LAYER 

Two  important  qualities  of  market  milk  are  safety  and  richness. 
The  richness  is  judged  by  the  housewife  almost  wholly  by  the  amount  of 
cream  that  can  be  seen  at  the  top  of  the  bottle,  and  not  by  the  actual 
butterfat  content  as  determined  by  the  Babcock  test. 

In  the  pasteurization  of  milk  some  difficulty  has  been  experienced 
with  variations  in  the  depth  of  the  cream  layer.  The  consumers  who 
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observe  this  often  believe  they  are  receiving  milk  below  the  legal 
requirement  in  butterfat.  A  uniform  and  satisfactory  cream  layer 
on  pasteurized  milk  is  considered  very  important  by  health  officials, 
because  it  is  difficult  to  induce  the  public  to  purchase  any  grade  of 
milk  which  does  not  show  a  satisfactory  cream  layer.  Moreover,  on 
account  of  the  keen  competition  that  exists  among  milk  dealers,  the 
cream  volume  on  the  bottled  milk  is  of  great  commercial  importance. 

It  has  been  understood  by  many  plant  operators,  and  some  investi¬ 
gators  have  shown,  that  pasteurization  of  milk  decreases  the  cream 
volume  to  some  extent.  From  the  variation  in  the  cream  layer  obtained 
by  various  dealers,  it  is  apparent  that  the  methods  used  in  pasteuriza¬ 
tion  as  well  as  the  effect  of  other  operations  in  the  handling  of  the 
milk,  both  before  and  after  pasteurization,  have  an  important  bearing 
on  this  problem. 

Many  investigations  have  been  carried  on  to  determine  what  are 
the  essential  factors  for  securing  the  maximum  cream  layer  on  pas¬ 
teurized  milk. 

Dahlberg  and  Marquardt  (1)  came  to  the  following  conclusions: 

“  The  essentials  of  securing  the  maximum  cream  layer  volumes  on 
pasteurized  milk  of  a  given  fat  content  are  as  follows: 


“  1  The  fat  globules  should  be  retained  in  their  normal  condition  by 
prevention  of  excessive  churning,  agitation,  freezing,  or  oiling  off. 

“  2.  Pasteurization  should  be  slightly  less  than  145°  F.  for  a  holding 
period  of  thirty  minutes. 

“3.  Milk  should  be  cooled  by  a  surface  tubular  cooler  to  40°  F.  or 
below  and  bottled  immediately. 

“  4.  The  milk  should  be  sold  in  two  to  six  hours  after  bottling  as  the 
cream  layer  volume  shrinks  on  standing. 

5.  The  milk  should  be  held  at  40°  F.  or  below,  for  the  cream  shrinks 
in  volume  very  markedly  at  50°  F.  or  above.” 


.  Whittaker  et  al.,  (2)  after  a  study  of  the  effect  of  various  operations 
in  the  milk  plant  on  the  resulting  cream  layer  of  the  milk,  reached  the 
following  conclusions: 


Milk  heated  to  143°  F.  for  thirty  minutes  showed  practicallv  no 
ecroase  in  the  cream  volume,  and  in  some  cases  an  increase  resulted 
Pasteurization  at  145°  to  146°  F.  for  thirty  minutes  reduced  the 

SotT^^nXrJ  aPPr°Ximately  8  ~ considerable 
a  cauSed 

average  decrease  of  approximately  31  per  cent.  ’  1  an 

146°  F.  wa?not^ma?ked?™tte°iaseeofdtwet0t  T teuriza‘ion  at  145°  to 
Old  milk  as  in  fresh  milk,  owing  to  the  fact  th^foH  milL  doL'To't^how 
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so  deep  a  cream  volume  before  pasteurization  as  does  fresh  milk.  Pas¬ 
teurization  of  old  market  milk  had  a  tendency  to  restore  its  creaming 
ability. 

“  The  cream  volume  results  showed  only  slight  variations  due  to  the 
different  types  of  pasteurizing  apparatus  which  were  in  use  at  the 
plants  investigated,  when  factors  in  the  processing  other  than  heating 
and  holding  were  not  involved. 

“At  the  particular  plants  investigated  there  was  practically  no 
difference  in  the  cream-volume  results  from  apparatus  using  a  low- 
temperature  heating  medium  as  compared  with  that  using  a  high- 
temperature  medium,  provided  the  time  of  heating  was  approximately 
the  same. 

“  Only  a  slightly  better  cream  volume  was  obtained  in  vat  pas¬ 
teurization  when  a  low-temperature  heating  medium  was  forced  through 
the  coils  by  a  direct-acting  pump,  as  compared  with  the  ordinary  cir¬ 
culation  of  a  heating  medium  of  higher  temperature. 

“  The  tests  to  show  the  effect  of  agitation  during  the  holding  period 
were  not  uniform,  but  the  tendency  appeared  to  be  slightly  in  favor 
of  holding  the  milk  without  agitation  during  this  period.  Moderate 
agitation  during  the  thirty-minute  holding  period  apparently  has  no 
appreciable  effect  on  the  cream  volume. 

“  Milk  cooled  in  tank  or  vat  pasteurizers  from  145°  to  50°  F.  showed 
a  poor  cream  volume.  Cooling  milk  in  the  tank  or  vat  from  145°  F. 
to  110°  or  120°,  and  then  cooling  quickly  to  below  50°  F.  over  a  separate 
cooler,  resulted  in  a  good  cream  volume. 

“  The  tests  showed  that  cooling  milk  to  a  low  temperature  after 
pasteurization  is  necessary  in  order  to  obtain  a  good  cream  volume. 
Pasteurized  milk  cooled  to  below  45°  F.  showed  a  much  better  cream 
volume  than  that  cooled  to  only  50°  F.  or  above. 

“  Milk  stored  at  38°  to  48°  F.  showed  a  much  better  cream  volume 
than  that  stored  at  temperatures  above  50°  F.  The  difference  in 
favor  of  the  colder  storage  temperature  was  more  marked  in  the  case  of  the 
raw  milk  than  in  that  of  the  pasteurized  milk.  The  importance  of  low 
storage  temperatures  is  often  overlooked  at  milk  plants. 

“  The  cream  volume  of  milk  pasteurized  at  temperatures  irom  143 
to  145°  F.  was  greater  after  two  or  three  hours’  storage  at  low  tem¬ 
peratures  than  in  the  original  raw  milk.  This  gradually  decreased  as 

the  storage  period  was  prolonged.  ,  ,  , 

“  The  recreaming  of  raw  milk  decreased  the  cream  volume,  but 

after  one  recreaming  the  age  of  the  milk  was  of  more  importance  than 

the  number  of  times  it  was  recreamed.  ,  , 

“  The  recreaming  of  pasteurized  milk  had  a  detrimental  effect  on 
the  cream  volume.  This  has  a  practical  significance  at  plants  which 
bottle  pasteurized  milk  after  it  has  been  allowed  to  cream 

“  Pumping  milk  at  temperatures  between  60  and  120  h.  reduced 
the  cream  volume  to  a  slight  extent  in  some  cases.  Pumping  raw 
milk  below  60°  F.  and  pumping  pasteurized  milk  at  temperatu 
between  120°  and  145°  F.  with  the  four  types  of  pumps  used  had 

Pra«  mnktrstanXr  Sated  for  fifteen  minutes  or  mom 
at  temperatureTbebroen  60°  and  110°  F.  had  generally  a  detrimental 
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effect  on  the  cream  volume.  This  was  more  pronounced  with  milk 
that  was  being  cooled  from  the  pasteurization  temperature  than  with 
that  which  was  being  heated. 

“  Holding  or  agitating  milk  at  a  temperature  of  145°  F.  had  con¬ 
siderably  less  effect  on  the  cream  volume  than  at  temperatures  between 
60°  and  110°  F. 

“  Clarifying  milk  at  temperatures  between  60°  and  65°  F.  had  only 
a  slight  effect  on  the  cream  volume,  though  there  was  a  considerable 
decrease  when  the  milk  was  clarified  at  temperatures  above  80°  F. 

“  Filtering  hot  milk  had  practically  no  effect  on  the  cream  volume. 

“  It  is  evident  that  a  material  decrease  in  the  cream  volume  of  the 
finished  product  may  result  from  the  accumulation  of  slight  decreases 
brought  about  by  various  steps  in  the  process;  therefore  it  is  important 
to  minimize  as  much  as  possible  the  decrease  in  each  step. 

“  The  various  shapes  of  bottles  caused  a  great  difference  in  the  ap¬ 
parent  cream  volume.” 
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CHAPTER  XXI 


SPECIAL  PRACTICES 
STANDARDIZING  MILK  AND  CREAM 

“  Standardizing  ”  is  the  mixing  together  of  milk  or  cream  of  dif¬ 
ferent  chemical  compositions  in  order  to  secure  milk  or  cream  of  a  uni¬ 
form,  desired  composition.  The  usual  adjustment  relates  only  to  butter- 
fat,  but  sometimes  solids-not-fat  are  also  considered.  Let  us  take,  for 
example,  milk  of  different  fat  percentages.  It  is  apparent  that  if  equal 
quantities  of  3  per  cent  and  4  per  cent  milk  are  mixed,  the  mixture  will 
contain  3.5  per  cent  fat. 

100  pounds  3  per  cent  milk  contain .  3  pounds  fat 

100  ‘  ‘  4  per  cent  milk  contain .  4  ‘  ‘  “ 

200  pounds  of  mixture  contain . 7  pounds  fat 

2 . 00  )  7 . 00  (  3 . 5  per  cent  fat  in  mixture 

6  00  ~ 


1  000 
1  000 


The  Rectangle  Method —Dr.  R.  A.  Pearson  devised  a  “  rectangle  ” 
method,  whereby  milk  or  cream  may  be  readily  standardized.  To  use 
this  method,  draw  a  rectangle  and  write  in  the  center  the  pei  centage  o 
fat  desired  in  the  mixture.  At  the  upper  left-hand  corner  write  the 
percentage  of  fat  in  one  of  the  substances  to  be  used  in  standardizing, 
and  at  the  lower  left-hand  corner,  the  fat  percentage  of  the  other  sub¬ 
stance  Working  diagonally  across  the  square,  subtract  the  smaller 
number  from  ^larger  and  record  the  differences  at  °PPo~- 
The  amount  of  each  substance  to  be  used  will  be  found  to  the  ngt  t 
of  the  rectangle  in  a  horizontal  plane  with  the  fat  percentage  of  the  su  - 
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For  example,  it  is  desired  to  use  3  per  cent  milk  and  6  per  cent  milk 
to  make  a  mixture  containing  4  per  cent  fat.  Thus: 


3  per  cent 


6  per  cent 


2  parts  of  3  per  cent  milk,  2X3  =  6. 


1  part  of  6  per  cent  milk,  1X6  =  6. 

3)12 

4%. 


In  this  example,  2  parts  of  3  per  cent  milk  and  1  part  of  6  per  cent 
milk  will  give  a  mixture  containing  4  per  cent  fat. 

If  a  given  quantity,  say  100  pounds,  of  the  mixture  is  desired,  use  the 
following  formula: 

fX  100  =  pounds  of  3  per  cent  milk=  66.67  pounds  of  3  per  cent  milk 
-g-X  100  =  pounds  of  6  per  cent  milk  =  33.33  pounds  of  6  per  cent  milk 


100 . 00  pounds  of  4  per  cent  milk 

Milk  which  is  below  city  standard  for  fat  is  sometimes  standardized 
by  the  addition  of  cream,  to  bring  it  up  to  legal  requirements.  In  other 
cases,  milk  high  in  fat  is  standardized  by  the  addition  of  skim  milk,  to 
lower  the  fat  percentage.  The  authors  do  not  wish  to  advise  either  of 
these  two  practices,  as  both  of  them  are  illegal  in  many  places. 


FOOD  VALUE  OF  STANDARDIZED  MILK 

Standardizing  with  cream  gives  a  lower  food  value  than  is  found  in 
normal  milk  of  the  same  final  fat  percentage,  while  standardizing  with 
skim  milk  gives  a  higher  food  value. 

Suppose  for  instance,  that  5  per  cent  milk  is  to  be  standardized  down 
to  4  per  cent  by  the  addition  of  skim  milk;  and  3  per  cent  milk  is  to  be 
standardized  up  to  4  per  cent  by  the  addition  of  20  per  cent  cream. 
Normal  milk  and  cream  have  approximately  the  following  analyses: 


Fat. 

Solids-not-fat. 

20  per  cent  cream . 

20 

7.15 

3  per  cent  milk . . . 

4  per  cent  milk . 

O 

8.33 

5  per  cent  milk . . . 

4 

8.79 

Skim  milk .  . 

5 

9.10 

" 

9.25 
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First,  consider  upward  standardization. 


Milk,  3  per  cent 


Cream,  20  per  cent 


10  partsX  8 . 33  solids-not-fat  =  133 . 28 


1  part  X7. 15  solids-not-fat  =  7  15 

17  parts 


17)140.43 


8 . 26  per  cent  s.-n.-f. 


It  can  be  seen  that  the  resultant  mixture  will  contain  4  per  cent  fat 
and  8.26  per  cent  solids-not-fat,  while  normal  milk  contains  4  per  cent 
fat  and  8.78  per  cent  solids-not-fat.  Now,  let  us  standardize  5  per  cent 
milk  down  to  4  per  cent  by  adding  skim  milk. 


Milk,  5  per  cent 


Skim,  0  per  cent 


4  per  cent 


4  partsX  9 . 10  solids-not-fat  =  36.40 


1  part  X9.25  solids-not-fat  =  9.25 


5  parts 


5)45.65 

9 . 13  per  cent 


The  standardized  4  per  cent  milk  in  this  case  has  9.13  per  cent  solids- 
not-fat,  compared  to  8.79  per  cent  in  normal  4  per  cent  milk. 

Standardizing  Cream. — There  are  three  ways  in  which  heavy  cream 
may  be  standardized  to  a  lighter  grade:  first,  by  the  addition  of  skim 
milk;  second,  by  the  addition  of  whole  milk;  and  third,  by  the  addition 
of  a  “  lighter  ”  or  less  rich  cream.  Although  the  same  principle  is  used, 
illustrations  of  all  three  methods  will  be  given,  the  rectangle  method, 
devised  by  Pearson,  being  used  in  each  case. 


I 


To  make  20  per  cent  cream  from  42  per  cent  cream  and  skim  milk. 
Cream,  42  -  20  parts  heavy  cream 


Skim  milk.  0 


22  parts  skim  milk 


From  this  diagram  it  is  seen  that  20  parts  of  42  per  cent  cream  and 
22  parts  of  skim  milk  will  produce  a  20  per  cent  cream.  If  a  given  quan¬ 
tity,  say  25  pounds,  of  20  per  cent  cream  is  desired,  the  following  foi  mula 

should  be  used: 

£§  X  25  =  heavy  cream  ft  X  25  =  skim  milk. 
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This  gives  11.9  pounds  of  heavy  cream  and  13.1  of  skim  milk. 
(The  factor  42  is  obtained  by  adding  the  total  number  of  parts,  as  20 
plus  22.) 


II 


To  make  40  pounds  of  18  per  cent  cream  from  32  per  cent  cream  and 
4  per  cent  milk  : 


32 

4 


14 

14 


Or,  equal  weights  of  32  per  cent  cream  and  4  per  cent  milk  will  make 
18  per  cent  cream. 


Ill 

To  make  35  pounds  of  25  per  cent  cream  from  40  per  cent  cream  and 
20  per  cent  cream: 


Therefore  use  *  X  35  pounds  of  40  per  cent  cream  and  ^  X  35  pounds 

of  20  per  cent  cream.  This  equals  8.75  pounds  of  40  per  cent  cream  and 
26.25  pounds  of  20  per  cent  cream. 

In  standardizing,  the  following  points  should  be  carefully  observed: 
ratedy  tested “d  CTeam  *°  be  U5ed  in  standardizing  should  be  accu- 

l  th? quantity t0 be used- 

cream  should  be  sterilized  St  m  1  lr^0  cord;act  with  the  milk  or 
clean  room,  and  the  product  shonld^he^12^!? ? 10u  d  be  done  in  a 
lamination!  P  Should  be  guarded  from  Ay  and  dust  con- 

|  k  ST^s^utro^tVmar  a  tS 
see  that  no  mistake  has  been  made.  1  ^  *  th  finished  product  to 
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of  the  mUk.1  DOt’  “  *  ““^tppo^teduce  Iheblct 


Clari- 

count 
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Effect  of  Clarification  on  the  Bacterial  Count.— Mclnerney,  of  Cor¬ 
nell  University,  made  an  extensive  study  on  the  effect  of  clarification  on 
the  bacterial  content  of  fresh  milk.  The  results  are  shown  in  Table  98. 

TABLE  98 


Effect  of  Clarification  on  the  Bacterial  Content  of  Fresh  Milk  * 


Experiment. 

Bacteria  per  Cubic  Centimeter. 

Increase 

In  Unclarified 
Milk. 

In  Clarified 

Milk. 

Per  Cubic 
Centimeter. 

Per  Cent. 

1 

700 

1,600 

900 

128.57 

2 

2,300 

2,400 

100 

43.48 

3 

641 

1,825 

1,184 

184.71 

4 

1,250 

2,483 

1,233 

98.64 

5 

563 

2,900 

2,337 

415.10 

6 

1,400 

1,475 

75 

5.36 

7 

525 

1,100 

575 

109.52 

8 

6,000 

9,000 

3,000 

50.00 

9 

10,000 

30,000 

20,000 

200.00 

10 

1,100 

1,400 

300 

27.27 

11 

5,000 

10,000 

5,000 

100.00 

12 

4,000 

4,000 

0 

13 

4,500 

18,000 

13,500 

300.00 

14 

3,600 

5,000 

1,400 

38.89 

15 

2,100 

2,600 

500 

23.81 

16 

3,650 

5,550 

1,900 

52.05 

17 

7,000 

20,000 

13,000 

185.71 

18 

5,480 

12,125 

6,645 

121.26 

19 

10,000 

13,000 

3,000 

30.00 

20 

11,320 

13,600 

2,280 

20  14 

21 

4,280 

8,000 

3,720 

86.91 

22 

4,600 

4,250 

-350 

23 

1,600 

4,100 

2,500 

156.25 

24 

15,000 

22,000 

7,000 

46.67 

25 

53,000 

71,500 

18,500 

34  90 

26 

60,000 

156,000 

96,000 

160.00 

27 

5,675 

5,775 

100 

1.76 

28 

10,200 

11,000 

800 

7.84 

Average . .  . 

8,410 

15,739 

7,329 

87.15 

*  Cornell  Bulletin  No.  389. 


“  The  initial  count  was  less  than  10,000  bacteria  per  cubic  centimeter 
in  twenty-one  of  the  samples,  while  after  clarification  only  seventeen 
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showed  a  count  of  less  than  10,000  bacteria  per  cubic  centimeter.  In 
one  sample  the  number  of  bacteria  per  cubic  centimeter  remained  the 
same  after  clarification  and  in  one  there  was  a  decrease.  The  percent¬ 
age  of  increase  ranged  from  1.76  to  415.10,  the  average  being  87.15. 
According  to  the  figures,  if  a  milk  with  a  very  low  bacterial  count  is 
clarified,  even  though  the  clarified  milk  shows  an  increase  of  100  per 
cent  in  the  bacterial  count,  this  count  in  the  end  would  not  necessarily 
mean  a  high-count  milk.” 

The  effect  of  clarification  on  the  bacterial  content  of  old  and  dirty 
milk  is  shown  in  Table  99 


TABLE  99 

Effect  of  Clarification  on  the  Bacterial  Content  of  Old  and 

Dirty  Milk  * 


Experiment. 

Bacteria  per  Cubic  Centimeter. 

Increase. 

In  Unclarified 
Milk. 

In  Clarified 
Milk. 

Per  Cubic 
Centimeter. 

Per  Cent. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Average . . . 

830,000 

40,000 

494,000 

133,500 

15,000,000 

37,800,000 

1,500,000 

370,000 

600,000 

55,000 

19,000,000 

248,000 

558,750 

190,000 

83,400,000 

1,590,000 

4,420,000 

13,900,000 

110,000 

6,400,000 

197,500 

30,000,000 

40,000,000 

3,200,000 

643,000 

1,300,000 

175,000 

160,000,000 

425,000 

1,863,300 

237,000 

91,030,000 

1,831,000 

5,700,000 

13,070,000 

70,000 

5,906,000 

64,000 

15,000,000 

2,200,000 

1,700,000 

273,000 

700,000 

120,000 

141,000,000 

177,000 

1,304,550 

47,000 

7,630,000 

241,000 

1,280,000 

1574.70 

175.00 

1195.55 

47.94 

100.00 

5.82 

113.33 

73.78 

116.67 

218.18 

742 . 10 
71.37 
233.48 
24.74 

9.15 

15.16 

28.96 

9,778,191 

21,000,694 

11,222,503 

114.77 

*  Cornell  Bulletin  No.  389. 

the  conditions  under^irfl'it'  was^r' r fS  ll?t  ""1'l‘‘r  citV-  inspection,  and 
sidered  sanitac,  TSSSSLXi 
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to  fall  into  the  milk,  thinking  that  it  can  be  removed  by  straining  or 
by  clarification.  It  was  to  test  this  point  that  studies  were  made  on 
the  eftect  oi  clarification  on  the  germ  content  of  dirty  milk.” 

The  de-\  elopment  of  bacteria  in  clarified  milk  was  compared 
v  it h  their  development  in  unclarified  milk.  Samples  of  clean  milk  and 
of  dii  ty  milk,  both  before  and  after  clarification,  were  kept  at  a  tempera¬ 
ture  of  14.4°  C.  for  twenty-four  hours  and  then  plated  to  determine  the 
number  of  bacteria  present.”  The  results  of  this  work  are  shown  in 
Tables  100  and  101. 


TABLE  100 

Development  of  Bacteria  in  Clean  Milk  after  Being  Held  for  24  Hours 

at  14.4°  C.* 


Bacteria  per  Cubic  Centimeter  in 
Unclarified  Milk. 

Bacteria  per  Cubic  Centimeter  in 
Clarified  Milk. 

Experi- 

Increase. 

Increase. 

ment 

After 

After 

24  Hours 

24  Hours 

Fresh 

at 

Per  Cubic 

Fresh 

at 

Per  Cubic 

14.4°  C. 

Centi- 

Per  Cent. 

o 

p 

Centi- 

Per  Cent. 

meter. 

meter. 

1 

4,000 

10,000 

6,000 

150.00 

8,000 

30,000 

22,000 

275.00 

2 

5,500 

42,000 

36,500 

663.64 

12,000 

40,000 

28,000 

233.33 

3 

4,000 

10,000 

6,000 

150.00 

4,000 

20,000 

16,000 

400.00 

4 

4,500 

18,000 

13,500 

300 . 00 

6,000 

29,000 

23,000 

383.33 

5 

3,600 

602,000 

598,400 

16,622.22 

5,000 

785,000 

780,000 

15,600.00 

6 

2,350 

221,000 

218,650 

9,304.25 

3,350 

175,000 

171,650 

5,123.88 

7 

3,650 

97,500 

93,850 

2,571.23 

5,550 

279,000 

273,450 

4,927.03 

8 

7,000 

774,000 

767,000 

10,957.14 

16,000 

805,000 

789,000 

4,931 .25 

9 

5,480 

248,000 

242,520 

4,425.55 

12,125 

433,300 

421,175 

3,472.61 

10 

7,550 

69,733 

62,183 

823.61 

7,500 

454,000 

456,500 

6,086.67 

11 

15,000 

22,000 

7,000 

46.67 

26,000 

27,000 

1,000 

3.85 

12 

53,000 

380,000 

327,000 

616.98 

114,000 

114,000 

13 

60,000 

265,000 

205,000 

341.67 

181,500 

295,000 

113,500 

62.53 

14 

5,675 

9,500 

3,825 

67.40 

5,775 

5,900 

125 

2.16 

15 

10,200 

55,000 

44,800 

439.21 

11,000 

67,006 

56,006 

509.14 

Average 

12,767 

188,249 

175,482 

1,374.50 

27,853 

237,947 

210,094 

754.29 

*  Cornell  Bulletin  No.  389. 


“  jn  the  case  of  the  clean  milk  (Table  100),  it  was  found  that  in  nine 
of  the  fifteen  tests  made  there  was  a  greater  percentage  of  increase  in 
bacterial  content  in  the  unclarified  milk  than  in  the  clarified  milk  the 
average  percentage  of  increase  being  1374.50  for  the  former  and  754.29 
for  the  latter.  With  the  dirty  milk  (Table  101)  there  was  a  more  uniform 
increase  in  the  number  of  bacteria  per  cubic  centimeter  in  the  clarified 
milk  as  compared  with  the  unclarified  milk,  and  the  average  percentage 
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of  increase  was  1691.86  for  the  unclarified  milk  and  431.50  for  the  clari¬ 
fied  milk.” 

I 

TABLE  101 

Development  of  Bacteria  in  Dirty  Milk  after  Being  Held  for  24  Hours 

at  14.4°  C.* 


Bacteria  per  Cubic  Centimeter  in 
Unclarified  Milk. 


Exp. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Av. 


Fresh. 


1,500,000 
370,000 
600,000 
47,000 
12,000,000 
95,000 
190,000 
40,000 
33,000 
133,000 

48.500 

12,000,000 

21.500 
95,000 

170,000 
2,350 
190,000 
37,000 
133,500 
494,000 


After 
24  Hours 
at 

14.4°  C. 


Increase. 


12,000,000 

8,000,000 

23,000,000 

1,124,000 

33,000,000 

1,450,000 

30,000,000 

1,000,000 

1,800,000 

7,500,000 

1,124,000 

335,000,000 

2,800,000 

1,450,000 

7,800,000 

220,000 

30,000,000 

1,095,000 

540,000 

6,400,000 


Per  Cubic 
Centimeter. 


10,500,000 

7,630,000 

22,400,000 

1,077,000 

21,000,000 

1,355,000 

29,810,000 

860,000 

1,767,000 

7,367,000 

1,075,500 

323,000,000 

2,778,500 

1,355,000 

7,630,000 

217,650 

29,810,000 

1,058,000 

406,500 

5,906,000 


Per  Cent. 


1,409,993  25,265,150  23,855,157 


700 . 00 
2,062.16 
3,733.33 
2,291.49 
175.00 
1,426.31 
15,689  .47 
2,400.00 

5.354.54 
5,539. 10 
2,217.52 
2,691.67 

12,923.25 
1,426.31 
4,488.23 
9,261.70 
15,689.47 
2,859.46 
304 . 49 

1.195.55 


1,691.86 


Bacteria  per  Cubic  Centimeter  in 
Clarified  Milk. 


Fresh. 


3,200,000 

643,000 

1,300,000 

170,000 

18,000,000 

100,000 

180,000 

70,000 

48,000 

187,000 

165.500 
180,000,000 

36,500 

100,000 

78,250 

3,350 

179,000 

70,000 

197.500 

1,200,000 


After 
24  Hours 
at 

14.4°  C. 


10,296,405 


24,000,000 

20,000,000 

45,000,000 

1,024,000 

77,000,000 

2,070,000 

30,000,000 

4,800,000 

1,700,000 

12,500,000 

1,022,000 

800,000,000 

3,400,000 

2,070,000 

22,000,000 

165,000 

30,000,000 

4,800,000 

2,160.000 

10,800,000 


Increase. 


Per  Cubic 
Centimeter. 


54,725,550 


20,800,000 

19,357,000 

43,700,000 

854,000 

59,000,000 

1,970,000 

29,820,000 

4,730,000 

1,752,000 

12,313,000 

856,500 

620,000,000 

3.363.500 
1,970,000 

21,921,750 

161,650 

29,821,000 

4,730,000 

1.962.500 
9,600,000 


44,429,145 


*  Cornell  Bulletin  No.  389. 


Per  Cent. 


650  00 
2,010.42 
3,361.54 
502 . 35 
327.78 
1,970.00 

16.566.67 
6,757.14 

3.441.67 
6,584.49 

517.52 
344.44 
9,215.07 
1,970.00 
28,015.01 
4,825.37 
16,659.78 
6,757.14 
993.67 
800 . 00 


431.50 


Effect  of  Clarification  on  the  Composition  of  Milk  — “  TLo  w 

amount  of  slime  deposited  in  the  clarifier  bow"seemed  to  indicate  to^t 
ck.aficat.on  might  reduce  the  total  solids  of  the  milk  and  posstoly  toe 

toe  "The' ZTTTr*  ”ade  ‘°  determi"e  whether  tJ™ 

milk  when  passed  through  the  darifien  Irfshm™  M2 * 

Mclnerney  s  conclusions  are  as  follows  t 

mc™S™trtntisto:fi^'c:;^^^hr  b?r iai  count 

bacteria  per  cubic  centimeter,  the  aver  nw t0  P®  notr  over  10>000 
these  experiments  being  87.15.  1  CS  1  icentage  of  increase  in 
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‘  The  percentage  of  increase  in  bacterial  content  by  clarification  is 
greater  in  the  case  of  old  milk  than  in  the  case  of  fresh  milk.  This  is 
probably  due  to  the  high  initial  count  in  old  milk.  In  these  experi¬ 
ments  the  average  percentage  of  increase  for  the  old  milk  was  114.77. 

TABLE  102 


Amounts  of  Slime  Obtained  from  Different  Quantities  of  Milk  * 


Experiment. 

Milk  Used. 
(Ounces.) 

Slime  Obtained 
(Ounces.) 

Per  Cent  of  Slime. 

1 

89,088 

5.64 

0.0063 

2 

82,964 

7.65 

0.0092 

3 

87,680 

6.98 

0.0080 

4 

88,960 

6.49 

0.0073 

5 

89,088 

6.80 

0.0076 

6 

84,480 

12.62 

0.0149 

7 

84,480 

8.25 

0.0098 

8 

84,480 

6.45 

0.0076 

*  Cornell  Bulletin  No.  389. 


TABLE  103 

Chemical  Analysis  of  Clarifier  Slime  * 


Experiment. 

Fat, 

Per 

Cent. 

Water, 

Per 

Cent. 

Total 

Solids, 

Per 

Cent. 

Ash, 

Per 

Cent. 

Nitrogen, 

Per 

Cent. 

Casein, 

Per 

Cent. 

1 

4.0 

70.13 

29.87 

4.17 

0.43 

2.74 

2 

5.0 

71.86 

28.14 

2.73 

0.23 

1.46 

3 

3.4 

70.04 

29.96 

3.81 

0.71 

4.52 

4 

3.2 

69.92 

30.08 

3.00 

0.14 

0.89 

5 

4.0 

75.50 

24.50 

2.74 

0.31 

1.97 

6 

5.0 

71.01 

28.99 

3.36 

0.10 

0.63 

7 

3.7 

71.35 

28.65 

2.59 

0.49 

3.12 

8 

4.0 

70.87 

29.13 

2.83 

0.27 

1.72 

Average .... 

4.0 

71.33 

28.67 

3.15 

0.33 

2.13 

*  Cornell  Bulletin  No.  389. 


“  Bacteria  increase  more  rapidly  in  unclarified  milk  than  in  clarified 

m^“The  fat  content  before  and  after  clarification  is  practically  the 

Sam“  The  percentage  of  total  solids  is  slightly  reduced  by  clarification. 
This  is  probably  due  to  the  slime  removed. 
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“  The  development  of  acidity  is  slightly  more  rapid  in  clarified  milk 

than  in  unclarified  milk.  . 

“  The  keeping  qualities  of  milk  remain  about  the  same  after  clari¬ 
fication  as  before. 

“  About  99  per  cent  of  the  insoluble  dirt  in  milk  is  removed  by  clar¬ 
ification. 

“  The  volume  of  cream  that  is  separated  by  gravity  is  reduced  from 
2  to  3  per  cent  by  clarification.  This  is  probably  due  to  the  agitation 
of  the  milk  in  passing  through  the  clarifier.” 


HOMOGENIZATION 


The  homogenizer  is  used  for  the  purpose  of  breaking  up  the  fat  glob¬ 
ules  and  making  the  milk  or  cream  of  more  uniform  consistency.  The 
milk  or  cream  is  forced,  under  a  pressure  of  1000  to  3000  pounds  per 
square  inch,  through  a  very  small  opening.  After  milk  or  cream  has 
gone  through  the  homogenizer  the  fat  will  not  readily  separate  from  the 
milk  serum,  as  the  fat  globules  have  been  so  reduced  in  size  that  they 
are  not  buoyant  enough  to  rise.  It  is  impossible  to  whip  or  churn 
cream  homogenized  at  high  pressures. 


Types  of  Homogenizers. — There  are  at  least  two  types  of  homo- 
genizers,  one  of  which  consists  of  a  single-acting  triplex  pump,  each 
cylinder  having  a  suction  and  a  discharge  valve.  In  the  discharge  pipe 
is  placed  a  special  valve  which  is  somewhat  similar  to  a  safety  or  relief 
valve.  This  valve,  which  is  made  of  agate  and  fits  against  a  carefully 
ground  valve  seat,  is  held  closed  by  a  spring  and  may  be  set  to  open  at  a 
definite  pressure.  The  milk  is  forced  through  the  ground  surfaces  of 
this  valve  and  the  fat  globules  are  thus  broken  up  into  fine  particles. 

The  second  type  of  homogenizer  is  similar  to  the  first,  except  that 
the  milk,  instead  of  being  forced  between  an  agate  valve  and  its  seat,  is 
passed  through  a  series  of  disks  made  of  Monel  metal.  These  disks  are 

held  rigidly  in  position,  and  as  the  milk  passes  through  the  small  open¬ 
ings  the  globules  are  broken  up. 


Uses  of  the  Homogenizer.-In  the  market  milk  business,  the  homo- 
genizer  is  used  principally  in  the  preparation  of  sweet  cream.  Cream  that 
has  been  homogenized  is  of  a  smooth  and  uniform  body,  the  fat  does  not 
separate  readily,  and  the  cream  appears  to  have  a  higher  percentage  of 

be  labeled  a/such^  ^  ^  ^  ^  '  homo8enized  cream  should 

S\^nFX”sh  prnoduheet.reSUltin8  Cream  OT  milk  haS 

genumghrtrttecre3amidandUtoe  “  ^  for 

ice-cream  being  the  resuTt.  *’  *  “  ^onn-bodied 
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Operation  of  the  Homogenizer— The  cream  or  milk  to  be  homo¬ 
genized  should  first  be  heated  to  about  120°  F.  When  the  milk  or 
cream  is  pasteurized  it  is  pre-cooled  from  the  pasteurizing  temperature 
to  about  120°  F.,  before  going  to  the  homogenizer.  It  is  important 
that  the  pressure  used  be  not  too  high.  For  ordinary  market  cream, 
1500  to  2500  pounds  per  square  inch  is  sufficient.  As  the  milk  or  cream 
comes  from  the  homogenizer  it  is  passed  over  a  cooler  and  cooled  to 
45°  or  50°  F. 

After  the  milk  or  cream  has  passed  through  the  homogenizer,  water 
should  be  run  through  it  before  the  machine  is  shut  down.  This  should 
be  followed  by  a  solution  of  warm  water  and  washing  powder,  then  hot 
water  and  steam.  As  is  the  case  with  all  other  milk-handling  equip¬ 
ment,  the  homogenizer  must  be  kept  scrupulously  clean. 

Viscolizer. — The  viscolizer  is  a  machine  similar  to  the  homogenizer, 
operating  under  a  similar  pressure  and  supposed  to  do  similar  work. 
The  cost  of  the  viscolizer  is  considerably  less  than  that  of  the  homo¬ 
genizer,  as  the  materials  used  are  not  so  expensive  as  are  those  used  in 
the  other  machines. 


EMULSIFICATION 


Milk  and  cream  are  emulsified  for  about  the  same  purpose  as  they 
are  homogenized  or  viscolized,  but  in  this  process  the  fat  globules  are 
not  broken  up  into  such  fine  particles  as  when  the  homogenizer  is  used, 
and  the  resulting  mixture  is  not  so  stable  and  uniform. 

There  are  at  least  two  types  of  machines  for  this  purpose,  made  by 
different  manufacturers  and  called  by  them  emulsors,  emulsers,  or 
emulsifiers.  The  first  type  looks  like  the  ordinary  cream  separator  and 
produces  cream  by  the  “  centrifugal  re-emulsification  of  the  component 
parts.”  The  other  type  works  somewhat  like  an  injector,  and  is 
described  by  its  manufacturers  as  follows:  “  Steam  enters  at  the  end 
of  the  emulser  proper  and  passes  through  a  small  nozzle  into  a  larger 
tube  and  in  that  way  sucks  up  the  ingredients  that  are  to  be  emulsified 
and  discharges  them  with  great  force  through  this  tube  into  a  cone  made 
of  intricate,  fine  wire  mesh.”  These  machines  are  used  primarily  in  the 
reconstruction  of  cream  from  butter  and  skim  milk,  milk  powder  or  con¬ 
densed  milk. 
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CHAPTER  XXII 


MECHANICAL  REFRIGERATION 


Artificial  or  mechanical  refrigeration  in  milk  plants  was  formerly 
considered  expensive  and  impractical,  especially  in  small  plants.  In 
recent  years,  however,  milk  dealers  quite  generally  have  adopted  mechan¬ 
ical  refrigeration.  The  following  are  some  of  the  advantages  of  mechan¬ 
ical  refrigeration  as  compared  with  the  use  of  ice : 

1.  There  is  less  work  in  handling. 

2.  The  cost  is  usually  less. 

3.  Waste  is  practically  eliminated. 

4.  Mechanical  refrigeration  is  much  cleaner  and  more  sanitary,  as 
there  is  no  mold  or  slop  as  in  the  case  of  ice. 

5.  A  much  drier  atmosphere  can  be  maintained  in  the  storage 
rooms. 

6.  Much  lower  temperatures  can  be  obtained. 

7.  Temperature  can  be  more  accurately  controlled. 


CONDITIONS  TO  BE  CONSIDERED 

In  deciding  whether  to  use  ice  or  mechanical  refrigeration,  the  com¬ 
parative  cost  is,  of  course,  the  must  important  factor.  However,  it 
should  be  remarked  that  the  mechanical  refrigeration  system  is  often 
of  more  value  than  can  be  estimated,  because  of  the  better  results 
obtained.  In  determining  the  comparative  cost  of  the  two  systems  it  is 
necessary  to  consider  such  items  as  the  price  of  ice,  quantity  required, 
labor  in  handling,  the  initial  cost  of  a  mechanical  system  and  the  cost  of 
operation.  The  cost  of  ice  will,  of  course,  depend  to  a  large  extent  on 
t  e  ocality .  The  cost  of  operation  of  a  mechanical  system  is  small,  the 
cost  of  power  to  run  the  compressor  being  the  principal  item.  The 
operation  of  the  system  is  simple  and  requires  very  little  attention* 
often  the  operator  starts  the  machine  in  the  morning  and  pays  no 
urther  attention  to  it  until  he  shuts  it  down  at  night.  However  the 
man  who  has  charge  of  the  system  should  be  experienced,  as  it  is  not 
good  _y  to  trust  the  operation  of  this  machine,  ev™  though  i 

en7  at  alf  2™*'  ’S  that  the  machine  be  operated  effi- 

>  times  and  be  kept  in  good  working  order,  and,  should 
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anything  happen,  someone  must  be  on  the  ground  who  has  mechanical 
ability  and  experience,  or  great  losses  may  result.  Nevertheless,  in 
most  milk  plants  the  services  of  a  mechanically  trained  man  are  re¬ 
quired  even  if  artificial  refrigeration  is  not  used,  so  that  usually  the 
operation  of  the  refrigerating  system  does  not  necessitate  the  employ¬ 
ment  of  an  additional  man. 


PRINCIPLE  OF  MECHANICAL  REFRIGERATION 

The  principle  involved  in  mechanical  refrigeration  is  that  when  a 
substance  passes  from  a  liquid  to  a  gaseous  state  the  change  is  accom¬ 
panied  by  the  absorption  of  heat,  called  “  latent  heat.”  The  coolness 
produced  by  the  rapid  evaporation  of  perspiration  from  the  body  is 
familiar  to  all.  In  mechanical  refrigeration,  the  rapid  evaporation  of  the 
liquid  refrigerant  into  a  gas  absorbs  the  surrounding  heat  and  produces 
cold. 

Several  systems  of  artificial  refrigeration  are  in  use,  and  several  dif¬ 
ferent  chemicals  are  used  as  refrigerating  media;  the  compression  and 
absorption  systems  are  the  most  common,  and  ammonia,  carbon- 
dioxide  and  sulphur  dioxide  are  the  chemicals  most  frequently  used. 
The  system  most  commonly  found  in  milk  plants,  namely,  the  com¬ 
pression  system  in  which  ammonia  is  used  as  the  refrigerating  medium, 
will  be  the  only  one  considered  here. 


COMPRESSION  SYSTEM 

There  are  three  principal  steps  in  the  operation  of  the  compression 
system  of  mechanical  refrigeration : 

1.  Compression  of  the  ammonia  gas. 

2.  Condensation  of  the  ammonia  gas. 

3.  Expansion  of  the  liquefied  gas  into  a  vapor. 

(1)  The  ammonia  gas  is  drawn  into  the  suction  side  of  the  com¬ 
pressor,  compressed  and  discharged  under  a  pressure  of  125  to  175  pounds 
per  square  inch  on  the  return  stroke  of  the  compressor.  The  compressor 
is  simply  a  specially  designed  pump  which  takes  the  gas  at  a  low  pressure 
and  compresses  it,  thus  reducing  its  volume  and  increasing  its  tempera- 

(2)  From  the  discharge  side  of  the  compressor  the  gas  is  forced  into 
the  condenser.  Sufficient  heat  is  removed  to  change  the  gas  to  a 
liquid,  but  it  is  still  under  high  pressure  and  is  ready  to  expand  into  a 
gaseous  form  and  absorb  heat  in  the  process.  The  condenser  consists 
simply  of  coils  of  pipes  over  which  cold  water  flows,  thus  reducing ;  e 
temperature  of  the  ammonia  gas  passing  through  the  pipe.  is 
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water  can  later  be  used  in  the  plant  for  other  purposes.  The  con¬ 
denser  is  often  put  on  the  roof  of  the  building,  the  water  flowing  over  it 
from  a  tank,  by  gravity.  An  advantage  of  locating  it  on  the  roof  is  that 
during  cold  weather  the  cooling  water  will  be  cooled  by  the  outside  air. 

In  small  plants,  the  condenser  often  consists  of  a  pipe  within  a  pipe. 
The  cooling  water  passes  through  the  inner  tube  while  the  gas  coming 
from  the  compressor  passes  through  the  outer  tube.  This  type  of  com¬ 
pressor  is  compact,  requiring  small  space,  and  in  small  plants  is  usually 
placed  in  the  room  with  the  compressor  or  in  an  adjoining  room. 

(3)  After  the  ammonia  has  been  liquefied  by  the  condenser,  it  first 
passes  to  a  liquid  receiver;  thence  the  liquid,  still  under  pressure,  is 
passed  through  what  is  termed  an  expansion  valve.  This  valve  can  be 
adjusted  so  as  to  allow  the  liquid  to  pass  through  in  very  small  quan¬ 
tities.  By  thus  passing  through  a  very  small  opening  under  high 
pressure,  into  the  cooling  coils  where  the  pressure  is  low  (these  coils  being 
connected  with  the  suction  side  of  the  compressor),  the  liquid  refrig¬ 
erant  is  again  changed  to  the  gaseous  state.  In  reality,  the  passing  of 
the  liquid  through  the  small  opening  to  the  cooling  coils,  where  the 
lower  piessuie  is  maintained,  causes  it  to  boil,  at  a  temperature  low 
enough  to  absorb  heat  from  the  surrounding  air.  The  expanded  gas 
circulates  through  these  cooling  coils,  takes  up  the  heat  in  the  sur¬ 
rounding  air,  and  cools  the  room.  From  the  cooling  coils  the  ammonia 

gas  is  drawn  back  into  the  compressor  on  the  suction  stroke,  and  the 
cycle  is  repeated. 


Methods  of  Utilizing  Refrigeration.-There  are  two  common  meth¬ 
ods  of  transferring  the  cold  produced  by  the  refrigerating  machinery 
a  ove  described  to  the  milk  storage  rooms,  milk  cooler  or  other  place  at 
which  cooling  is  to  be  accomplished,  namely: 

1.  Direct  expansion  system. 

2.  Brine  system. 

rrbtr^r,.ti*r.  sss 

on  page  284,  the  liquefied  ammonia  is  expanded  directly  into  the 
flmringnoverethe^ "outside  ‘of the' Tokr^  abS°rbS  *“**  fr°m  the 

expanded  are  placed  in^tenk^caSef  a” b^tenk^ ^7*1“  " 

-^^n^n^r  °'t  1  —  «  ^ 

Point,  so  that  a  low  temperature 
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freezing  the  solution.  The  brine  tank  is  often  placed  overhead  in  the 
cold  storage  room  and  thus  directly  helps  to  keep  the  room  cold.  The 
brine  from  this  tank  is  passed  through  coils  in  the  room  and  also  through 
the  coils  in  the  lower  section  of  the  milk  cooler.  After  passing  through 
these  coils,  it  is  returned  to  the  tank,  its  temperature  is  again  reduced 
and  the  process  is  continued. 

Table  SO,  page  286,  shows  the  number  of  plants  using  the  two  systems 
of  cooling  the  milk,  according  to  a  survey  made  by  the  United  States 
Department  of  Agriculture. 

One  of  the  chief  advantages  of  the  brine  system  is  that  the  brine 
may  be  kept  cold  by  running  the  compressor  for  a  few  hours  during 
the  day.  The  cold  is  thus  stored  up  and  used  when  needed.  This  is 
especially  important  in  small  plants  which  are  operated  only  six  or  eight 
hours  a  day,  as  in  this  way  the  work  of  refrigeration  may  go  on  after  the 
plant  is  shut  down.  In  large  plants  where  a  large  quantity  of  refriger¬ 
ation  is  needed,  and  it  is  necessary  to  run  the  machine  practically  con¬ 
tinuously  during  the  hot  weather,  the  direct  expansion  system  would  be 
the  most  feasible.  This  system  is  simpler  to  operate,  and  requires  less 
initial  expenditure,  and  there  is  less  loss  of  refrigeration  in  the  transfer 
of  the  cooling  medium  to  the  place 
which  is  to  be  cooled.  The  initial 
cost  of  installing  the  brine  system 
is,  of  course,  greater,  as  besides  the 
compressor,  condenser,  and  other 
units  required  in  the  direct  expan¬ 
sion  system,  the  brine  system  also 
requires  a  brine  tank,  brine  coils 
and  brine  pump. 

Strength  of  Brine. — The  degree 
of  concentration  of  the  brine  solu¬ 
tion  will  depend  on  the  temperature 
desired.  A  stronger  solution  will 
be  needed  for  low  temperatures, 
in  order  to  prevent  freezing.  Too 
much  concentration,  however,  is  to 
be  avoided,  as  a  solution  that  is 
too  strong  is  likely  to  clog  the 
pipes,  and  can  absorb  less  heat,  as 
its  specific  heat  is  lower. 

Size  of  Compressor— The  size  of 

machine  required  will  depend  on  the 

quantity  of  milk  handled  and  the  methods  used  at  the  particular  plant. 


Fig.  121. — Compressor  in  refrigerating 
plant. 
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Where  all  the  milk  is  to  be  held  in  storage,  more  refrigeration  capacity 
will,  of  course,  be  required  than  where  some  of  the  milk  is  sent  out  on  the 
delivery  wagons  immediately  after  bottling. 

The  graph  below  is  from  United  States  Department  of  Agriculture 
Bulletin  No.  98,  by  Bowen;  (1)  the  cost  figures  are,  of  course,  lower  than 
present  costs,  the  bulletin  having  been  issued  in  1914. 


Fig.  122.  Curves  showing  the  approximate  size  and  cost  of  belt-driven  refrigerating 
equipment  for  milk  plants  of  various  sizes.  (1) 


INDIRECT  SYSTEM  OF  REFRIGERATION 

is  uLTw,^  m0dfn  ™'k  plants>  an  indirect  system  of  cooling 
“  used.  \\  ith  this  system  the  cooling  coils  are  located  in  a  comnart 

ent  or  i  oom  outside  of  the  room  to  be  cooled.  Air  is  forced  over  these 

.  s’  y  ™eans  of  a  fan,  into  the  cold-storage  room.  This  cooled  air  is 
lorced  into  the  room  through  flues  whi oh  •  °  a  air  is 

buZ™  1nin  rVt'i1  r°°'r  PaSSCS  OU‘  back  to  the 

and  ^  bdng 

One  of  the  main  advantages  of  this  nlan  i«  tb^+ ;+  + 

system  as  well  as  a  cooling  system  resulting  in  ,  n  S ff  &  VentllatlnS 
in  the  room.  In  some  cases  tlm  a*  •  g  pure,  dry  atmosphere 
minutes.  the  “  18  changed  every  six 
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REQUIREMENTS  OF  REFRIGERATING  EQUIPMENT  FOR  MILK  PLANTS 

Bowen,  in  United  States  Department  of  Agriculture  Bulletin  No.  98, 
gives  the  following  as  the  principal  requirements  of  a  refrigerating  system 
for  use  in  milk  plants  and  creameries : 

1.  Should  be  reasonable  in  cost. 

2.  Should  be  economical  to  operate. 

3.  Should  be  reasonably  secure  from  breakdown. 

4.  Should  produce  cool  and  dry  air  in  storage  room. 

5.  Should  produce  lower  temperatures  than  ice. 

G.  Should  give  perfect  control  of  temperatures. 

7.  Should  be  simple  in  construction  and  operation  as  to  require 
little  attention  and  be  successfully  operated  by  any  careful  person 
without  any  special  mechanical  or  engineering  skill. 

8.  Should  occupy  little  space. 


CARE  OF  REFRIGERATING  MACHINERY 


Although  the  operation  of  refrigerating  machinery  is  simple,  like 
any  other  machinery  it  must  be  given  good  care.  The  following  direc¬ 
tions  for  the  care  of  the  refrigerating  machine  are  given  by  Bowen,  (1) 
in  United  States  Department  of  Agriculture  Bulletin  No.  98: 


“  In  caring  for  machinery  of  any  kind,  one  of  the  most  important 
things  is  cleanliness,  and  especially  is  this  true  of  refrigerating  apparatus. 
If  the  cooling  and  condensing  surfaces  are  allowed  to  become  coated 
even  slightly,  their  heat-transferring  efficiency  will  be  lowered  maten- 

Where  atmospheric  condensers  are  used,  it  is  an  easy  matter,  when 
the  surfaces  become  coated,  to  clean  them  with  a  brush,  provided  the 
coating  is  not  of  the  nature  of  a  scale.  If  the  substance  is  hard,  it  will 
be  necessary  to  employ  files  or  steel  scrapers  in  removing  the  scale. 
In  double-pipe  condensers  and  coolers  it  is  not  such  an  easy  matter  to 
clean  them,  as  it  is  necessary  to  take  off  a  return  bend  from i  the  end  o 
the  condenser  or  cooler  in  order  to  examine  or  clean  them.  This  should 
be  done  frequently,  and  if  the  inner  pipe  is  found  to  be  coated  with  a 
soft  substance  it  can  be  removed  by  the  aid  of  an  ordinary  flue  brush. 
If,  however,  the  coating  is  in  the  form  of  scale,  it  will  be  necessary  to 

bore  it  out  on  a  lathe  or  tube-boring  machine.  , 

“  The  life  and  satisfactory  operation  of  all  mechanical  apparatus  are 
dependent  on  proper  care  as  well  as  on  the  original  design  Kb  there¬ 
fore  necessary  that  such  apparatus  should  receive  frequent  and  careiu 

inspection  and  prompt  correction  of  all  defec “'niS  t 
is  essential  for  the  satisfactory  operation  of  machinery  of  all  km M 

wearing  parts  of  the  machine  should  be  kept  f fl' L  cie.ir  mce  o f 
Q- J  ,  iiWMvs  onen  well  lubricated,  and  adjusted.  1  he  clearance  oi 

Z 'pttonslhould  be  Rusted  to  a  minimum,  both  in  the  steam  and  com- 
pressor  cylinders. 
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“  In  operating  an  ammonia  plant  the  gages  should  be  carefully 
watched,  as  they  are  the  indicators  of  the  work  being  done.  The  suc¬ 
tion  or  low-pressure  gage  is  controlled  to  a  great  extent  by  the  expansion 
valve  in  the  liquid  line;  consequently,  opening  it  will  increase  the  low 
pressure,  as  the  more  the  valve  is  opened  the  more  gas  will  be  pumped, 
providing  the  machine  is  run  at  a  constant  speed.  If  the  speed  of  the 
compressor  is  increased,  the  amount  of  work  will  be  proportionately 
increased  provided  the  valves  are  large  enough  to  handle  the  additional 
amount  of  gas,  and  vice  versa.  If  the  expansion  valve  is  opened  too 
wide  for  the  speed  at  which  the  machine  is  running,  the  suction  pipe  will 
frost  back  to  the  machine  and  even  the  top  of  the  compressor  may 
become  covered  with  frost.  For  satisfactory  operation  in  a  refrigerating 
plant  a  slight  frost  should  cover  the  suction  pipe  close  to  the  machine. 

“  If  the  temperature  of  the  brine  in  the  cooling  room  is  high,  a  cor¬ 
responding  high  back  pressure  should  be  carried,  and,  on  the  other  hand, 
a  low  brine  temperature  requires  a  low  back  pressure.  Should  a  very 
low  brine  temperature  be  required,  in  addition  to  a  low  back  pressure, 
the  machine  should  be  run  at  a  faster  speed,  depending  upon  the  rela¬ 
tive  capacity  of  the  machine  and  the  work  to  be  done.  It  is  necessary 
in  the  maintenance  of  low  temperatures  to  keep  the  system  free  from  air 
and  deleterious  gases,  and  plenty  of  cooling  water  should  be  supplied 
to  the  condenser  while  the  plant  is  in  operation. 

“For  small  plants  the  receiver  should  be  of  suitable  size  to  hold  all 
the  refrigerating  medium  in  a  liquid  form.  It  is  usually  located  just 
below  the  condenser,  or  as  near  to  it  as  local  conditions  will  allow,  so 
that  the  liquefied  gas  may  return  to  the  receiver  by  gravity. 

In  order  that  the  amount  of  refrigerant  contained  in  the  system 
may  be  seen  at  a  glance,  the  receiver  should  be  provided  with  a  glass 
gage  similar  to  that  placed  on  steam  boilers  to  show  the  amount  of  water. 

1  ,u  cspecially  ^rue  *n  smidl  plants,  where  the  attendant  may  not  have 
had  the  necessary  experience  to  enable  him  to  judge  of  the  amount  of 
relrigerant  in  the  system,  and  by  observing  the  line  of  the  liquid  in  the 
g  ass  gage  each  time  before  starting  up  the  compressor  he  will  be  able 

othermethyodsSS  °f  ^  refngerant  which  he  might  not  be  able  to  do  by 

,  •  i  Soi2e  manufacturers,  however,  object  to  placing  a  gage  of  this 
d  on  the  receiver,  as  they  contend  that  there  is  a  possibility  of  loss  of 
(‘fiigerant  by  the  breaking  of  the  glass,  and  perhaps  some  danger  should 
anhydrous  ammonia  be  the  refrigerant  used.  There  is  htX  danger 
however  as  the  pressure  and  temperature  is  nearly  constant  and  auto’ 

X^break  p  ™  V®S  may  be  used  that  wiU  shut  off  the  flow  should  the 

ref;;sIxt“^txix1LrtdoX.Tod„e!:oT^;. that  the  fOT« 

should  air  at  high  pressure  bo  nnmiwl  r  Vi  ^n^ei  no  circumstances 

repairing,  or  info  KeTstatiinXdi'o ' °'d  V**  ^ 

explosion  is  likely  to  occur  duo  tn  ihn  •  g  idle  f°rMS0Ine  time,  as  an 

lodged  in  the  coils.  The  temperature  of ^at.10n  °f  ol1  whlch  may  have 
system  at  a  high  pressure  is IV hi o J  ^/fu’  "he?  PumPed  into  the 
resulting  in  an  cxpTolon  ’  10  eXCe°d  the  flash  Point  °f  the  oil, 
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“For  the  same  reason  it  is  also  dangerous,  especially  in  the  case  of 
small,  fast-running  machines,  to  allow  too  much  air  to  enter  when 
pumping  out  the  compressor  in  case  it  becomes  necessary  to  pack  the 
stuffing  box;  for  should  the  attendant  neglect  to  purge  the  condenser 
after  the  operation,  the  air  in  the  system  will  be  carried  along  with  the 
ammonia  gas,  necessitating  a  higher  pressure  and  a  consequent  higher 
temperature  than  would  otherwise  be  attained;  and  should  the  tem¬ 
perature  in  the  system  get  too  great,  there  is  danger  of  the  oil  which  may 
be  deposited  in  the  coils  reaching  a  point  where  flashing  will  take  place, 
which  will  result  in  an  explosion. 

“  In  small  installations  usually  found  in  milk  plants,  creameries, 
and  dairies  the  condensers  are  of  small  dimensions;  consequently,  they 
can  not  hold  large  quantities  of  excess  air.  Hence  great  care  should 
be  taken  to  thoroughly  purge  the  system  of  air  when  starting  up  after 
pumping  out  the  compressor,  by  blowing  the  air  from  the  system. 
Manufacturers  provide  cocks  for  this  purpose. 

“  In  cleansing  old  plants  or  those  that  have  been  shut  down  for  some 
time,  from  deposits  of  oil,  it  is  a  good  plan  to  pump  hot  ammonia  gas 
into  the  system.  The  gas  should  be  taken  from  the  line  just  before  it 
enters  the  condenser.  If  taken  from  the  top  of  the  condenser,  the  gas 
will  probably  contain  air  and  other  impurities  which  would  be  liable  to 
cause  an  explosion. 


8action  Valve 

To  Machine 


c 


J 


Hot  Gas  from  Condenser 


< 


3 


sion  Valve 


Refrigerator  Coils 

Fig.  123. — Conventional  diagram  of  cooling  system.  (1) 

u  Referring  to  the  conventional  diagram,  Fig.  123,  the  method  of 
operation  should  be  as  follows:  Connect  a  temporary  pipe  line  with 
valve  from  the  lowest  part  of  the  condenser  or  to  the  pipe  line  just  before 
entering  the  condenser.  Close  the  expansion  valve  and  pump  hot 
ammonia  gas  into  the  coils.  Have  the  suction  valve  opened  slightly 
and  occasionally  open  it  wide  quickly  to  allow  the  oil  to  be  carried  out 
and  deposited  in  the  oil  trap,  from  which  it  can  be  drawn  off. 

“  Before  starting  up  the  plant  care  should  be  taken  to  see  that 
all  oil  cups  are  filled  and  the  oilways  open,  in  order  that  all  wearing  sur¬ 
faces  may  be  well  lubricated  before  the  machine  is  started. 

“  To  start. — (1)  Turn  the  water  on  the  condenser  and  water  jacket, 
and  open  the  discharge  valve  on  the  compressor;  (2)  start  the  madime 
slowly  at  first  and  after  the  machine  is  in  motion  and  the  pressures  are 
at  proper  point  open  the  suction  valve  on  the  compressor  gradually, 
(3)  open  the  expansion  valve  sufficiently  to  give  the  required  back  pies- 
sure  and  the  machine  is  in  full  operation. 
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“  To  stop (1)  Close  the  king  valve  which  is  between  the  receiver 
and  the  expansion  valve  and  pump  the  low  pressure  to  zero.  This  is 
considered  better  practice  than  closing  the  expansion  valve  each  time 
the  machine  is  stopped,  thereby  necessitating  readjustment  of  the  expan¬ 
sion  valve  upon  starting  up  again;  (2)  open  all  drips  and  drains  and 
shut  down  the  machine;  (3)  close  the  suction  and  discharge  valves,  and 
all  oil  cups  and  water  valves;  (4)  clean  the  machine  thoroughly  and 
examine  all  bolts  and  nuts  to  see  that  they  are  tight  and  see  that  the 
bearings  are  properly  adjusted.” 

THE  MILK  STORAGE  ROOM 

The  milk  storage  room  must,  as  far  as  is  possible,  prevent  the  outside 
heat  from  passing  through  the  walls,  ceiling  or  floors  into  the  room. 
For  this  purpose  it  must  be  well  insulated.  There  is  no  suitable  material 
that  will  entirely  prevent  the  transmission  of  heat  through  it,  but  there 
are  some  that  are  better  than  others.  The  most  common  materials  used 
are  granulated  cork,  cork  board,  mineral  wool,  vegetable  fiber,  sawdust, 
etc.,  which  are  used  as  fillers  in  walls  of  wood,  cement  or  masonry. 
One  of  the  best  materials  is  cork  board,  from  4  to  6  inches  thick,  finished 
on  both  the  inside  and  the  outside  with  cement. 


Fig.  124. — Milk  storage  room. 


insulating  material  6  Tearing  of  t^Ts^in^rntte^af  mustte 

£2  s  Za should  be  —d  with  *• 

as  bcSlsit  * 
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in  the  interior  of  the  building.  The  side  of  the  room  that  is  exposed 
should  preferably  be  on  that  side  of  the  building  which  receives  the  least 
direct  rays  of  the  sun.  As  artificial  light  will  be  required,  windows  are 
not  necessary;  if  windows  are  installed  they  should  consist  of  four  or 
more  thicknesses,  and  the  outside  one  should  be  painted  to  prevent  the 
transmission  of  the  heat  from  the  sun’s  rays.  If  possible,  the  room 
should  be  so  located  that  the  milk  may  pass  directly  into  it  from  the 
bottling  room,  and  that  it  will,  at  the  same  time,  be  convenient  for  the 
loading  of  the  delivery  wagons.  The  door  should  swing  outward  to  save 
both  space  and  refrigeration,  and  the  room  should  be  as  nearly  square 
as  is  practicable.  The  size  of  the  room  will,  of  course,  depend  on  the 
quantity  of  milk  to  be  handled  and  the  methods  used.  There  should 
be  room  enough  to  store  all  the  milk  of  one  day’s  run  and  leave  working 
space,  but  waste  space  should  be  avoided. 

The  following  are  the  approximate  sizes  of  milk  storage  rooms 
required  for  plants  handling  various  quantities  of  bottled  milk: 


Quantity  of  Bottled 
Milk  Handled. 

Size  of  Room. 

300  gallons . 

8X  8 

500  “  . 

10X10 

1000  “  . 

12X15 

2000  “  . 

18X20 

4000  “  . 

24X30 
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CHAPTER  XXIII 


MILK  DELIVERY 

Milk  is  generally  distributed  by  the  dealer  in  one  of  two  ways: 

1.  Direct  to  the  consumer. 

2.  To  stores,  hotels,  restaurants,  etc.,  which,  in  turn,  dispense  it  to 
the  ultimate  consumer. 

Most  of  the  milk  delivered  to  the  consumer  or  to  stores  is  delivered  in 
bottles,  although  in  some  cities,  stores  handle  bulk  milk.  Bulk  milk  in 
cans  is  quite  generally  delivered  to  hotels  and  restaurants. 


DELIVERY  OF  MILK  THROUGH  STORES 


The  delivery  of  milk  through  stores  has  recently  attracted  con¬ 
siderable  attention,  and  has  been  pointed  out  by  some  investigators,  as 
one  of  the  means  available  for  reducing  the  cost  of  milk  distribution. 
It  is  questionable,  however,  whether  the  store  can  be  used  as  a  factor  in 
reducing  the  cost  of  milk  to  the  consumer.  While  in  some  cases  the 
consumer  can  get  milk  cheaper  when  he  goes  to  the  store  for  it,  more 
often  the  price  of  bottled  milk  at  the  store  is  the  same  as  that  of  milk 
delivered  at  the  consumer’s  door  by  the  dealer. 

Relative  Economy  of  Delivery  through  Stores  and  Direct  to  the 
Consumer— The  margin  that  is  allowed  the  store  for  handling  milk 
varies  in  different  cities  from  1  to  3  cents  per  quart,  but  2  cents  doubtless 
represents  the  approximate  difference  of  cost  to  the  dealer  between 
delivery  to  the  consumer  in  small  quantities  and  delivery  to  the  stores 
in  large  quantities.  Very  few  stores  will  care  to  provide  refrigeration 
and  attend  to  the  selling  of  the  milk  for  less  than  2  cents  per  quart. 
Therefore,  the  price  that  the  consumer  must  pay  at  the  store  is  usually 
as  high  as  that  of  milk  delivered  at  his  door,  and  in  special  instances  the 

price  at  the  store  is  higher,  even  though  the  customer  comes  to  the  store 
tor  the  nnlk. 


Where  only  a  part  of  the  milk  is  handled  through  stores,  the  meth 
ends  to  increase  the  cost  of  delivery  on  retail  routes  because  it  caul 
the  customers  on  those  routes  to  be  more  scattered.  Doubtless  if 
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milk  were  delivered  through  stores  the  dealer  could  afford  to  sell  it  at 
1  or  2  cents  per  quart  less  than  is  now  the  general  custom.  Even  then, 
however,  the  price  to  the  consumer  could  not  be  more  than  2  cents  per 
quart  below  the  price  of  milk  delivered  at  his  door  at  present.  Is  the 
service  that  the  dealer  renders  worth  1  or  2  cents  per  quart  of  milk 
delivered?  The  answer  to  this  question  will,  to  a  large  degree,  answer 
the  question  of  whether  the  distribution  of  milk  through  stores  would 
reduce  the  cost.  The  consumer  wants  the  milk  at  a  definite  time  each 
day,  and  his  time  is  generally  so  occupied  that  he  cannot  afford  to  go  to 
the  corner  store  to  effect  a  saving  of  only  a  few  cents.  The  milk  dealer 
makes  a  specialty  of  milk  delivery  and  has  built  up  an  organization  that 
renders  a  very  valuable  service;  it  is  very  doubtful  if  this  service  could 
be  eliminated  without  injury  to  the  consumers  and  a  decreased  consump¬ 
tion  of  milk. 

Functions  of  the  Milk  Store. — The  chief  function  of  the  store  in 
handling  milk  is  as  an  accommodation  to  customers  in  case  of  emergency. 
Often  the  housewife  finds  that  she  needs  an  extra  quart  of  milk  after  the 
milkman  has  gone,  and  the  store  then  provides  a  very  important  ser¬ 
vice.  In  this  way  the  handling  of  milk  by  the  store  not  only  serves  as  an 
accommodation,  but  results  in  an  increased  consumption  of  milk,  as  in 
many  cases  the  extra  quart  of  milk  would  not  be  purchased  if  it  were  not 
for  the  store. 

Another  important  function  of  the  milk  store  is  to  provide  refriger¬ 
ation  for  the  milk.  Many  poor  families  cannot  afford  to  have  a  refrig¬ 
erator  and  they  depend  on  the  milk  store  to  a  large  extent  for  their  milk. 

In  New  York  city  large  quantities  of  milk  in  bulk  are  sold  by 
stores  which  are  usually  owned  by  the  dealers  themselves.  The  price  for 
this  milk  is,  as  a  rule,  considerably  less  than  for  bottled  milk  and  these 
stores,  therefore,  permit  the  people  to  get  their  milk  at  a  reduced  price. 
The  method  of  handling  milk  in  “  bulk,”  however,  has  its  disadvantages 
from  a  sanitary  standpoint  unless  rigidly  controlled;  and  in  many  cities 

it  is  not  permitted. 


METHODS  OF  DELIVERY 

Although  the  automobile  truck  is  used  to  a  considerable  extent,  espe- 
daily  for  wholesale  trade,  or  for  very  scattered  retail  trade,  the  horse 
and  wagon,  usually  a  one-horse  outfit,  is  most  commonly  used.  Each 
delivery  outfit  will  serve  from  150  to  300  retail  customers,  the  driver  col¬ 
lecting  the  empty  bottles  as  he  delivers  the  milk.  Bills  are  usually 
collected  by  the  driver  on  certain  days  of  the  week.  Where  night  e  v- 
eries  are  made  the  bills  must  be  collected  on  the  return  trip,  while  in  the 
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case  of  daylight  deliveries,  the  bills  are  usually  collected  at  the  time  the 
milk  is  delivered. 


Fig.  125.— Horse  and  wagon  for  milk  delivery. 

A  study  was  made  of  several  retail  delivery  routes;  four  of  the  routes 
were  covered  by  horse-drawn  vehicles,  two  by  gasoline  truck,  and  one 
by  electric  truck.  The  following  table  gives  some  of  the  results  of  this 
study : 


TABLE  104 


Statistics  on  Retail  Delivery  Routes 


4  Horse- 
Drawn 
Vehicles 
Routes, 
Average. 

2  Gas  Car 
Routes, 
Average 

Electric 

Truck 

Route. 

Average  number  of  customers . 

266  5 

170 

1.3 

4  hrs.  56  min. 
3  hrs.  18  min. 
40 

1.8 

173 

1.4 

4  hrs.  33  min. 
2  hrs.  49  min. 
38 

1.8 

Average  number  customers  per  stop .... 
Average  time  vehicle  standing . . 

2.8 

2  hrs.  35  min. 
4  hrs.  33  min. 
63 

1.8 

Average  time  vehicle  moving . . 

Per  cent  of  time  spent  moving 

Average  number  of  packages  delivered 
per  customer . 

Average  number  of  packages  delivered 
per  stop . 

Average  miles  traveled  per  package  de¬ 
livered  . 

O  .  1 

n  (\a 

2.3 

0.12 

2.6 

U . 

The  number  of  packages  per  stop,  as  well  as  the  number  of  customers 
served  per  stop,  was  the  highest  for  the  horse-and-wagon  routes,  because 
h  y  were  the  most  compact.  The  driver  would  often  deliver  a  carrier 
nil  of  milk  on  one  side  of  the  street,  and  return  to  the  wagon  and  deliver 
another  carrier  on  the  other  side  of  the  street  at  a  single  stop. 
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The  figures  illustrate  the  value  of  either  electric  or  gasoline  trucks  on 
long  and  scattered  routes.  The  streets  covered  by  these  trucks  were 
very  hilly  and,  at  the  time  of  study,  very  muddy. 


Fig.  126. — Auto  truck  for  scattered  delivery. 


With  the  four  horse-and-wagon  routes  on  the  first  trip  out  an 
average  of  115  customers  (varying  from  85  to  165)  were  served  while 
the  wagon  was  slowly  moving;  and  110  customers  (80  to  140)  were 


ssgiltsi 


l~pny  innTn~i 


WUr  :L 


Fig  127. — Unloading  returned  bottles  at  the  city  plant 


served  while  the  wagon  was  standing.  With  the  trucks  all  deliveries 
were  made  while  the  machines  were  standing  still 

ssrst-jisrs  srf  Syts 
rr,  it  tr* 

driver  was  delivering  the  milk. 
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TIME  OF  DELIVERY 

The  time  of  delivery  to  the  consumer  varies  in  different  cities  and  in 
different  sections  of  the  country.  In  certain  sections  of  the  South,  two 
deliveries  are  often  made  by  the  producer-dealers,  one  in  the  morning 
and  one  in  the  afternoon.  This  is  not  a  common  practice,  however,  with 
the  large  city  milk  dealer.  In  many  Pacific  Coast  cities,  milk  is  delivered 
in  the  day  time;  the  delivery  wagons  usually  leave  the  plant  about  7  or  8 
a.m.,  and  return  in  the  afternoon.  In  most  eastern  cities,  the  deliveries 
are  made  during  the  early  morning  hours  in  the  summer  time,  usually 
between  1  and  7  a.m.;  in  the  winter,  however,  the  daylight  system  is 
common  in  the  East  and  is  the  usual  practice  in  northern  cities.  The 
principal  reasons  for  the  practice  of  the  early  morning  deliveries  are: 

1  People  have  become  accustomed  to  having  the  milk  delivered 
to  them  before  breakfast. 

2.  The  work  is  done  during  the  cooler  hours. 

3.  There  is  less  delay  at  night  than  in  the  daytime,  as  traffic  is  lighter. 

The  following  advantages  have  been  advanced  for  daylight  deliv¬ 
ery  (1): 

1.  Larger  sales  of  milk. 

2.  Better  collection  of  cash. 

3.  Better  collection  of  empty  bottles. 

4.  Less  theft. 

5.  Better  working  conditions  for  drivers  and  horses. 

6.  Greater  opportunity  for  municipal  supervision. 


SIZE  OF  LOAD  CARRIED 

The  size  of  the  load  carried  by  one  delivery  outfit  will  depend  a  great 
deal  on  the  territory  covered  and  the  type  of  trade.  Where  the  cus 
tomers  are  scattered,  a  driver  cannot  handle  as  large  a  load  as  where  the 
trade  is  more  compact.  Where  the  milk  has  to  be  carried  upstairs,  also 
less  trade  can  be  handled  by  one  man.  Other  factors  are  the  amount  of 

Toll' 3  etc  ^  d°ne’  WhCther  the  miIk  is  delivered  at  front  or  back 

_Ta“e  105  shows  the  results  of  an  investigation  as  to  the  sizes  of  loads 

‘  Crent  cltles>  made  lj.v  a  milk  committee  to  the  Federal  Food 
Administration,  in  1918.  (2)  rood 

Table  106  shows  the  average  sizes  of  loads  carried  in  certain  eastern 

by  the  Dai^  Division,  U.  S. 

variation  in  the  sfzeZ  Toads'’  carried  on  variousrouleT  1  C°nSiderabIe 
unusually  small  loads  are  carried  because  of  Zf^  thVZ LX 
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re-routed  the  district;  i.e.,  he  has  taken  some  off  the  load  when  it  has 
reached  a  certain  maximum  and  put  on  another  wagon.  In  this  way 
he  provides  for  picking  up  new  trade  and  expanding  the  business. 

TABLE  105 


Sizes  of  Load  Carried  by  Milk  Wagons  in  Various  Sections  of  the 

United  States  (2) 


Section . 

Number  of  Quart 
Points  Carried.* 

New  York  city . 

252 

Towns  in  New  York  State,  outside  New  York  City . 

250 

Chicago,  Boston,  Baltimore  and  Washington . 

385 

Philadelphia . 

299 

New  England  (except  Boston) . 

242 

Milwaukee . 

299 

Indiana,  Illinois,  Iowa,  Kentucky,  Tennessee,  Louisiana  and 
Missouri . 

268 

361 

*  The  following  are  considered  as  one  quart  point:  One  quart,  or  2  pints  of  milk,  j  pint  cream 
1  quart  buttermilk,  1  pound  of  butter. 


TABLE  106 


Size  of  Loads  Carried  by  One  Delivery  Outfit  in  Various  Cities 


Average  Load  Carried 

City. 

Number  of 
Wagons 
Included. 

Number  of 
Quarts. 

173 

305 

IvlsLl  lCv  OI  v>'v}lllliB-'ict ...... 

305 

296 

125 

294 

182 

277 

571 

277 

Effect  of  Size  of  Load  on  Delivery  Cost. — Mr.  Asa  B.  Gardiner,  a  milk 
dealer  in  Baltimore,  Md.,  made  a  cost  survey  in  1919  of  milk  delivered 
in  four  cities,  the  results  of  which  are  shown  in  Table  107.  (3) 
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TABLE  107 


Cost  of  Distribution  and  Size  of  Load  (3) 


City. 

Average  Number 
of  Quarts  on 
Retail  Wagons. 

City  Distribution 
Costs  per  Quarts, 
Cents. 

Ottawa,  Canada . 

550 

3? 

Philadelphia,  Pa . 

410 

4* 

Baltimore,  Md . 

335 

New  York,  N.  Y . 

240 

n 

According  to  an  investigation  by  the  United  States  Bureau  of  Agri¬ 
cultural  Economics,  the  relation  of  size  of  load  to  the  cost  is  as  follows: 


Dealer  A. 

Dealer  B. 

Wagon  load — delivery  units  * . 

276 

377 

Delivery  cost  per  route  per  year .... 

$2705 

$2724 

Delivery  cost  per  delivery  unit 

2.68  cents 

1.98  cents 

*  One  pound  butter,  one  bottle  of  milk,  cream,  etc.,  or  one  quart  of  buttermilk  was  considered  as 
one  unit. 


It  is  apparent  that,  up  to  a  certain  limit  at  least,  the  cost  of  distrib¬ 
uting  can  be  lessened  by  an  increase  in  load.  However,  there  are  many 
factors  upon  which  the  size  of  load  that  can  be  carried  will  depend. 
Among  these  factors  are  the  following: 


.  dil  Tlr  nulIlbf  of  customers  a  driver  can  serve,  limited  by  the  number 
rf  collections  to  be  made,  the  number  of  flights  of  stairs  to  be  climbed! 

W  deigree  °f  monopoIy  which  the  dealer  enjoys  (upon  which 
depends  the  degree  of  concentration  of  the  business).  *  ' 

3.  Amount  of  store  trade  in  the  same  territory. 

4.  character  of  the  streets;  whether  hilly  level  naved  pfp 

5.  Point  of  delivery,  as  back  door,  front  dior,  upstahT’ete 

6.  Quantity  of  milk  delivered  per  customer.  ’ 


390 


MILK  DELIVERY 


Table  108  shows  the  seasonal  variation  in  weekly  point  sales  per 
route  in  the  Chicago  and  St.  Louis  markets  (8). 

TABLE  108 


Seasonal  Variation  in  Weekly  Point  *  Sales  per  Route  in  Chicago  and 

St.  Louis  Markets  f  (8) 


Chicago,  1925-1926. 

St.  Louis,  1923-1925. 

Retail. 

Retail. 

Wholesale. 

Points. 

Per  Cent. 

Points. 

Per  Cent. 

Points. 

Per  Cent. 

January . 

February . 

2092 . 25 
2120.88 

99.79 

101.15 

2398.66 
2429 . 00 

102.68 

103.97 

5245.33 
5443 . 66 

92.24 

95.73 

March . 

2142.00 

102.16 

2371 .00 

101.49 

5714.33 

100.48 

April . 

2144.00 

102.25 

2396.33 

102.58 

5642.00 

99.21 

Mav . 

2132.73 

101.72 

2328.66 

99.68 

5803.00 

102.04 

June . 

2125.05 

101.35 

2277.33 

97.48 

6141.33 

107.99 

July . 

2042.25 

97.40 

2184.00 

93.49 

6101.66 

107.30 

August . 

2050.80 

97.81 

2194.00 

93.92 

6041 .00 

106.23 

September . 

2126.25 

101.41 

2275.00 

97.38 

5775.00 

101.55 

October . 

2083.13 

99.35 

2363.66 

101.18 

5646.66 

99.30 

November . 

2064.80 

98.48 

2433.66 

104.17 

5443.66 

95.73 

December . 

2036.50 

97.13 

2382.33 

101.98 

5243.00 

92.20 

Weekly  average . 

2096.72 

100.00 

2336.14 

100.00 

5686.72 

100.00 

Approximate  aver¬ 
age  annual  vol¬ 
ume  on  which 
data  are  based .  . 

186,000,000  pounds 

63,000,000  pounds 

32,000,000  pounds 

*  See  Tabic  109,  for  allocation  of  points. 

t  The  sales  included  all  dairy  products  disposed  of  to  the  regular  trade. 


TABLE  109 

Allocation  or  Retail  Sales  Points  in  Chicago  and  St.  Louis  Districts, 

January  1,  1928  (8) 


Chicago,  Points. 

St.  Louis,  Points. 

Certified  milk: 

1 

2 

1 

1 

Regular  and  cultured  milk: 

1 

1 

1 

2 

1 

2 

A 

1 

2 

4 

Cream: 

4 

4 

2 

2 

1 

1 

I 

Cocoa  drinks: 

1 

1 

i 

(Commissions) 

Cottage  cheese: 

$.01 

1 

10-  to  16-ounce  containers . 

Butter: 

.01 

1 

Eggs: 

■  01 

— 
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DUPLICATION  OF  ROUTES 

Owing  to  the  large  number  of  milk  dealers  in  all  large  cities,  there  is 
considerable  duplication  in  the  delivery  of  milk.  This  is  illustrated  in 
the  following  table: 

TABLE  110 


Extent  of  Duplication  of  Delivery  Routes  in  Five  Wisconsin  Cities  (5) 


City. 

Total  Number 
of  Miles  of 

City  Streets. 

Total  Number 
Miles  Traveled 
Daily  within  City 
in  Delivering  Milk. 

Number  of  Times 
Each  Mile  of  Street 
is  Covered. 

Milwaukee . 

602.63 

3440 . 28 

5.71 

Oshkosh . 

103 . 30 

377 

3.75 

Beloit . 

80 

213.54 

2.67 

Eau  Claire . 

59 

142.5 

2.42 

Madison . 

■  81 

244 

3.01 

It  has  been  estimated  that  the  265  milk  wagons  distributing  milk  in 
Worcester,  Mass.,  cover  2250  miles  daily  to  supply  the  houses  on  less 
than  220  miles  of  streets.  (4) 

In  the  District  of  Columbia  98  routes  were  measured  in  1914.  The 
aveiage  distance  traveled  for  the  98  routes  was  19.1  miles,  varying  from 
10.4  miles  to  30  miles.  Assuming  that  each  of  the  250  retail  milk  wagons 
in  the  district  at  that  time  covered  19.1  miles,  they  all  traveled  4775 

miles  or  9.3  times  the  total  mileage  of  streets  in  the  District  of  Columbia 
at  that  time. 

TABLE  111 


Distance  Traveled  and  Number  of  Quarts  Delivered  by  Milk  Wagons 

in  Four  Cities 


City. 

Number 
of  Wagons 
Included. 

Number 
of  Dealers. 

Average 

Miles 

Traveled. 

Average 
Load, 
in  Quarts, 
per  Wagon. 

Average 
Number 
Quarts 
Delivered 
per  Mile 
Traveled. 

Pittsburgh . . . 

41 

63 

11 

22 

1 

14 

1 

1 

14.20 
18.60 

20.20 
20.35 

327 . 10 
301.8 
215.0 
245.0 

23.07 

16.20 

16.15 

12.03 

District  of  Columbia. . . 
Baltimore.  . 

Boston . .  . 
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DELIVERY  OF  MILK  IN  PINT  BOTTLES 

The  proportion  of  milk  handled  in  point  bottles  is  not  so  high  as 
it  formerly  was.  In  Table  112  is  shown  a  comparison  of  the  relative 
amounts  handled  in  pints  in  1914  and  in  1922-23. 


TABLE  112 

A  Comparison  of  the  Proportion  of  Pints  to  Quarts  of  Milk  Sold  in  1914 

with  1922-1923 


1914 

City. 

Number  of 
Dealers. 

Number  of 
Quarts. 

Number  of 
Pints. 

Proportion 
of  Pints  to 
Quarts. 

Boston . 

27 

99,844 

33,356 

26,917 

80,922 

64,830 

35,600 

37,040 

173,300 

0.65 

Washington . 

13 

1.06 

Pittsburgh . 

9 

1.37 

Philadelphia . 

15 

2.14 

Baltimore . 

10 

18,713 

50,738 

2.71 

Total  . 

74 

259,752 

361,508 

1.39 

1922-1923 

Mpw  York  . 

11 

267,454 

29,340 

0.11 

Raltimnrft  . 

6 

105,129 

53,336 

0.51 

WqqVi  inert  on  . 

4 

33,300 

36,600 

1.10 

PLilarlelnhia.  . 

10 

289,360 

121,305 

0.42 

Ronton  . 

6 

114,468 

19,920 

0.17 

10 

161,340 

68,670 

0.42 

2 

83,472 

33,582 

0.40 

Ohio  cities: 

Cleveland,  Toledo  and  Akron 

8 

114,715 

39,028 

0.34 

57 

1,169,238 

401,781 

0.34 

From  the  table  above  it  is  seen  that  in  1914,  74  dealers  in  five  cities 
handled  on  an  average  1.39  pints  for  each  quart  and  that  41  per  cent 
of  the  bottled  milk  was  handled  in  pints.  The  figures  for  1922  23 
how  that  57  dealers  in  ten  cities  handled  .34  of  a  pint  for  each 
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quart  and  that  only  14.5  per  cent  of  the  bottled  milk  was  handled  in 
pints. 

Owing  to  the  fact  that  it  costs  more  to  handle  the  same  quantity 
of  milk  in  pints,  milk  dealers  have  in  various  ways  discouraged  the  use 
of  pint  bottles.  Perhaps  the  factor  of  greatest  importance  in  lessening 
the  amount  of  milk  handled  in  pints  for  the  past  few  years  has  been 
the  price.  In  1914  in  most  cities  milk  in  pints  sold  for  half  the  price  of 
quarts,  whereas  at  the  present  time  the  pint  price  is  usually  1  or  2 
cents  more  than  half  the  quart  price.  Dealers  make  this  difference  in 
price  not  only  to  offset  the  increased  cost  of  handling  milk  in  pints, 
but  to  increase  consumption,  as  many  pint  customers  will  buy  a  quart 
rather  than  pay  the  extra  charge  for  milk  in  pint  bottles. 


compared  with  Quarts  is  nnf  u  delivering  pints,  as 

hcncPe  the  differtS^  0“  "I  ^  ‘^e; 

As  a  result  there  is  mom  rlpmn  1  d  smaller>  lf  made  at  all. 

a  large  proportion  of  their  trade  wholesale  stiU  tatte  Ut<>rS  ^ 
milk  in  pints.  stlU  bottIe  a  good  deal  of 

Besides  the  extra  cost  of  handling  the  milk  in  pint  bottles,  there  is 
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the  extra  expense  of  replacing  lost  bottles.  The  life  of  a  pint  bottle 
is  generally  reported  as  somewhat  shorter  than  that  of  a  quart  bottle. 
This  is  no  doubt  owing  to  the  fact  that  a  large  number  of  pints  are 
handled  by  stores.  There  is  also  more  temptation  for  customers  to 
appropriate  a  pint  bottle  for  household  uses,  on  account  of  its  con¬ 
venient  size.  Although  in  most  places  this  is  contrary  to  law,  yet  it  is 
done  without  any  feeling  of  guilt  on  the  part  of  the  housewife. 

It  is  necessary  to  use  small  bottles  for  some  kinds  of  trade,  as,  for 
instance,  in  supplying  hotels  and  restaurants,  where  the  guests  are 
served  milk  in  the  bottle;  but  the  cost  of  delivery  and  the  loss  of  bot¬ 
tles  in  connection  with  this  trade  are  usually  small. 

In  the  poorer  sections  of  the  city,  customers  often  feel  unable  to 
buy  more  than  a  pint  of  milk  at  a  time;  this  has  a  tendency  to  cut 
down  the  consumption  of  milk.  If  the  customer  buys  the  same  amount, 
and  two  pints  sell  for  more  than  a  quart,  as  is  often  the  case,  then  buy¬ 
ing  by  the  pint  is  the  more  expensive  method  for  the  consumer,  as 
he  pays  for  the  extra  cost  of  delivery.  If  there  is  no  difference  in 
the  price,  then  the  extra  cost  of  delivery  comes  out  of  the  profit  of  the 
dealer. 

In  cities  where  the  price  for  pints  has  been  raised  from  one-half  the 
price  for  quarts  to  more  than  half,  there  has  been  a  considerable  reduc¬ 
tion  in  the  relative  number  of  pints  sold.  This  is  illustrated  for  the 
city  of  Milwaukee  in  1916  by  Hibbard  and  Erdman  in  Wisconsin  Bul¬ 
letin  No.  285  (see  Fig.  128).  (5) 


DEMANDS  OF  CONSUMERS 

In  order  to  supply  the  wants  of  consumers,  the  milk  dealer  must 
put  his  goods  out  in  various-sized  containers.  Table  113  shows  the 
variety  of  the  demands  on  ten  selected  retail  milk  routes  in  Detroit, 
Michigan,  in  1915.  (6).  The  table  also  shows  that  there  were  consid¬ 
erably  more  pints  sold  than  quarts:  the  price  of  pints  was  then  one-half 
the  price  for  quarts.  Table  114  shows  the  percentages  of  various 
products  in  various  sized  containers  sold  in  Chicago,  St.  Louis,  and 

Peoria  (8). 


MILK-BOTTLE  LOSSES 

The  loss  of  milk  bottles,  either  through  carelessness,  theft  or  break¬ 
age  is  an  important  item.  Table  115  is  a  summary  of  the  replies 
received  from  fifty  dealers  in  various  cities  in  answer  to  a  questionna 
Tt  out  from  the  Dairy  Division,  U.  S.  Department  of  Agnculture. 


TABLE  113 

Varying  Demands  of  Retail  Customers  for  Milk,  Cream  and  Other  Milk  Products  by  Different  Retail  Routes  (6) 
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•jaUIOJSnQ 
jad  jipaj£)  aSuaaAy 

$0,703 

.855 

1.192 

.956 

1.062 

.985 

.696 

.933 

1.286 

1.408 

$0,986 

aiquAiaoaH  s^ig  pjoj. 

$247.00 

183.00 

409.00 

261.00 

339.00 

351.00 

234.00 

321 . 00 

440.00 

176.00 

$296.00 

Average 
Daily  Sales. 

jamcqsnQ  jag 

$0,069 

.067 

.080 

.081 

.075 

.074 

.067 

.077 

.083 

.093 

$0,076 

.  ’ajncqj  jag 

$24.44 

14.50 

27.70 

22.22 

24.02 

26.54 

22.61 

26.54 

28.62 

11.83 

$22.90 

Butter¬ 

milk. 

•siauiojsn^ 
jo  aSujuaojag 

1.1 

.9 

2.3 

3.6 

3.1 

1.6 

3.8 

2.9 

1.7 

5.6 

»o 

<N 

sjaunf) 
jo  jaqran^ 

•^(NGOOOCOCOOCOI^ 

rH  r-H  rH  »— 1 

CO 

1> 

Cream. 

sjauiojsn^ 
jo  aSiquaaaag 

6.8 
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MILK  DELIVERY 


Trips 

per  Bottle. 

Dealers’ 

Estimates.* 

CO  ^  1C  t>.  o 

rH  rH  rH  i-H  t-H 

1 

Proportion 
of  Broken 
to  Lost 
Bottles. 
Dealers’ 
Estimates. 

1  :  .8 

1  :  1.7 

1  :  2.5 

1  :  5.3 

1  :  8.8 

1  :  13.0 

Average 
Number 
of  Bottles 
Lost  and 
Broken 
Daily  per 
100  Bottles 
Filled. 

4.6 

(1.4-13.3) 

2.6 

(1.2-  4.5) 

5.0 

(1.0-  9.4) 

3.8 

(1.5-  8.3) 

1.2 

(1.8-10.0) 

4.3 

(3.5-  5.6) 

4.3 

(1.0-13.3) 

Bottles 
Lost  and 
Broken. 
Dealers’ 
Estimate* 
per 

Dealer. 

34 

43 

190 

300 

980 

2950 

632.34 

Average 

Cost 

per  Every 
100  Bottles 
Filled 
Daily. 

83.75 

(0.57-  9.03) 
$3.05 

(1.50-  3.60) 
$6.26 

(2.80-10.00) 

$4.13 

(2.50-10) 

$4.63 

(1.76-13) 

$4.55 

(3.33-  6.50) 

$4.52 

(0.57-13.00) 

Cost  of 
Bottles 
per 

Month. 

Average 

per 

Dealer. 

$27.60 

51.47 

238.00 

326.50 

1079.40 

3071.00 

$624.59 

Average 
Number 
of  Bottles 
Bought 
Each 
Month, 
for  Every 
100  Bottles 
Filled 
Daily. 

70.6 

66.1 

151.5 

119.5 

86.3 

133.4 

120.2 

Bottles 

Bought 

per 

Month. 

Average 

per 

Dealer. 

523 

1,114 

5,756 

9,446 

20,135 

90,050 

17,649 

Bottles 

Filled 

Daily 

Average 

per 

Month. 

740 

1,685 

3,800 

7,906 

23,332 

67,500 

14,686 

Number 

of 

Dealers. 

5 

7 

5 

16 

1  13 

4 

50 

Size  of  Plant. 
Bottles  Filled 
Daily. 

Up  to  1,000 

1,001  to  2,000 

2,001  to  5,000 

5,001  to  10,000 

10,001  to  50,00C 

Over  50,000 

*  Estimates  were  not  received  from  all  the  dealers. 


TABLE  115 

Retail  and  Wholesale  Distribution  of  Regular  and  Cultured  Milk  in  Chicago,  St.  Louis,  and  Peoria  Markets  (8) 

Chicago,  1925-1926  St.  Louis,  1925  Peoria,  1926-1927 


DEMANDS  OF  CONSUMERS 


397 


3  45 

$  a 
GO  O 

X  45 

Po  a 


~  c 

3  g 

3  u 
K  v 
Ph 


00 

05 

C5 

CO 

00 

T}t 

05 

o 

o 

CO 

CO 

00 

05 

CO 

05 

tH 

to 

rH 

o 

o 


<M 

to 


t)< 


»c 

»H 

oo 


CO 

05 

TfH 

Tjt 

o 

»-H 

d 

CO 

05 

05 

00 

05 

t-H 

o 

T* 

CO 

o 

05 

tF 

CO 

CO 

to 

'T 

© 

to 

05 

05 

d 

oo 

rH 

o 

00 

r-H 

lO 


o 

o 


T+< 

i-H 

of 

05 


3  ^ 
$  g 

45  o 

'O  «H 
X  45 

>  Ph 


ra  3 

3  g 

45  . 

tf  S3 
a 


3  *5 
S  1=1 

DO  fl) 

<X>  5 

2  *- 
X  a; 


ra  3 
c3  45 

”  o 
45  . 

tf  S3 

a 


co 

o 

*— i  N 

05 

o 

i-H 

co 

CO 

© 

»-H 

rH 

CO  rH 

CO 

o 

o 

of 

00 

CO 

CM 

CO 

o 

CO 

to 

rH 

CO 

CM 

o 

H 

rH 

Tit" 

05 

co 


05 


o 

Tf 


05 

05 


05 


CO 

©  ©  CO  •'* 
05  o  o  o 


tO 

00 


Tf 


o 

o 


o 

o 


CO 


to 


05 

o 

to 

Tf 


to 


to 

00 


CO  05 

t'-  to 


CO 


CO  to  Tjt  CO  <M 
CO  05  05  lO  CO 


05  lO 
CO  Tit 


co  oo 


o 

co 


to 

CO 


Tt< 

00 


CO  05 

o  05 


to 


o 

Ttt 

o 

CO 

o 

CO 

o 

*“H 

rH 

o 

05 

o 

CO 

o 

id 

o 

co 

05 

CO 

to 

CO 

Tf 

to" 

05 


N  lO  N  N 
00  O  CO  H  to 


to  05 
00 


CO 


00 

to" 

00 

05 

co" 

T}t 

CO 


~a 

o 

00 

a 

X 

<D 

c3 

GO 

bD 

c3 

s 

V 

o 

(h 

<x> 

GO 

a 

a> 

X 

o3 

O 

GO 

X 

c 

& 

“a 

on 

.3 

o 

-4H 

CO 

2 

"3 

o 

C 

ttl 

cj 

P 

3 

o 

X 

00 

or 

a 

•  GO 

•  H> 

GO 

•  c 

s 

a 

j§  co  :  -g 

o 

0) 

00 

•  3 

_o 

tJ  7  a  r 

03  .*2  £5 

o 

•  pH 

s 

3 

$ 

3 

2 

”  -3 
&  V 

to  b-  00 

CO  N  O 


00 

05 


ah  £  £ 


o 

> 


3 

O 


~  <s  .a 
<2  o  .3  .9  cs 
OChfiS 


o 

o 


05 

CO 

CO 

co 

CO 

of 


o 

o 

o’ 

o 


o 

C5 

CO 


8 


05 

T-H 

05 

co" 

05 

CO 


O 

05 

rH 

o 

cm" 

d 

rH 

o 

rH 

»-H 

Tjt" 

X) 

<v 

K 

c3 

X 

05 

Ih 

c3 

GO 

45 

bC 

03 

•*5> 

c 

45 

45 

l* 

45 

a 

x 

.45 

X 

& 

c 

o 

'm 

X3 

a 

3 

O 

3 

05 

s 

^3 

"o 

> 


398 


MILK  DELIVERY 


The  results  of  a  recent  survey  on  the  life  of  the  milk  bottle,  made 
from  the  reports  of  76  milk  dealers,  is  as  follows:  The  arithmetic  average 
life  of  the  bottle  for  the  76  dealers  was  37.32  trips,  with  a  range  vary¬ 
ing  from  6  to  91  trips.  The  “  median  ”  was  32  trips,  and  the  “  mode  ” 
or  most  common  figures  given  by  the  76  dealers  ranged  between  20 
and  30  trips.  From  these  data  it  can  be  conservatively  estimated 
that  the  average  milk  bottle  has  a  life  of  only  about  30  trips. 

Among  the  suggestions  that  have  been  made  for  solving  the  milk- 
bottle  loss  problem,  are  the  following: 

1.  Charge  for  all  bottles  delivered. 

2.  Use  of  single-service  containers. 

3.  Commissions  to  drivers  for  bottles  returned. 

4.  Establishment  of  milk-bottle  exchanges. 

5.  Use  of  a  special  bottle  for  the  wholesale  trade  and  a  charge  made 
for  the  bottle. 

6.  Universal  interchangeable  bottle. 

7.  Laws  prohibiting  junk  dealers  from  handling  milk  bottles. 

8.  Severe  penalties  for  using  milk  bottle  for  anything  but  milk. 


Single-service  Containers— Several  single-service  containers  for 
milk,  most  of  them  made  of  paper  fiber,  have  been  devised  during 
recent  years.  In  some  cases  the  containers  are  shipped  from  the  fac¬ 
tory  to  the  plant,  while  in  other  cases  the  plant  purchases  or  rents  a 
machine  for  making  the  bottles. 

Single-service  containers  for  milk  have  not  come  into  general  use  as 
yet.  Some  of  the  advantages  of  the  fiber  bottle  are  the  following. 


1. 

2. 

3. 

4. 

5. 

6. 


There  are  no  bottles  to  collect. 

There  is  no  washing  of  bottles. 

Less  space  is  required,  both  in  shipping  and  on  the  delivery  trucks. 
Less  refrigerating  space  is  required. 

Extensive  advertising  can  be  carried  on  with  their  use. 

They  make  good  containers  for  buttermilk,  especially^ jvhen 


o.  iney  maa-t;  guuu  —  . —  TV  ,,  '  ,  ,  i  ii^ 

handled  by  stores.  They  are  very  convenient  for  the  store  to  handle. 


The  following  are  some  of  the  disadvantages  of  the  fiber  bottle. 


1.  It  is  more  costly. 

2.  The  cream  line  is  not  visible.  . 

o  T+  Ipss  convenient  to  handle  in  the  plant.  .  c 

l'.  The  labor  cost  of  filling  is  somewhat  greater  than  in  the  case  of 

glass  ^consumer  cannot  easily  detect  the  presence  of  sediment. 

Paper  or  fiber  milk  bottles  are  not  used  to  any  extent  for  retail 
family  trade  although  they  are  being  tried  out  in  several  places  at  ; 
present  time.  The  item  of  cost  seems  to  be  the iprmc.pa  ^as“^"hy 
thev  have  not  as  yet  been  used  more  extensively.  For  store  trade  o 
for  factory  or  office  trade,  where  the  milk  is  consumed  soon  after  dehv- 
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ery,  they  seem  well  adapted.  There  has  recently  been  considerable 
progress  made  in  the  development  of  machinery  for  the  manufacture 
of  these  containers,  and  accurate  data  are  being  collected  as  to  the  cost 
in  comparison  with  the  cost  of  delivery  in  glass  bottles.  If  the  paper 
container  can  be  manufactured  and  handled  at  as  low  a  cost  as  that 
for  the  glass  bottle  (taking  into  consideration  the  life  of  the  glass  bot¬ 
tle,  cost  of  washing,  etc.),  considerable  development  along  this  line 
may  be  expected  in  the  future. 


SYSTEMS  OF  PAYING  MILK-WAGON  DRIVERS 

The  following  methods  of  paying  route  salesmen  have  been  found 
to  be  in  use: 

1 .  Straight  salary,  which  is  usually  increased  according  to  the  length 
of  service  with  the  company. 

2.  Salary  and  commission. 

3.  Commission. 

Many  factors  are  used  as  the  bases  for  various  commission  systems. 
Among  these  are  the  following: 

Load  carried. 

Increase  in  daily  sales. 

New  customers  obtained. 

Collections. 

Return  of  bottles. 

Amount  of  cash  turned  in. 

Cleanliness  of  man  and  of  delivery  outfit. 

Promptness  and  politeness. 

Minimum  of  returned  goods. 

The  system  of  paying  commissions  has  many  advantages  over  a  flat 
salary,  since  the  driver  shares  in  the  prosperity  of  the  company  and 

thus  has  an  incentive  for  increasing  his  efficiency  and  taking  more 
interest  in  his  work. 


NUMBER  OF  MEN  REQUIRED  FOR  MILK  DELIVERY 

In  Table  116  is  shown  the  number  of  drivers,  route  foremen,  and 
office  clerks  employed  at  plants  of  various  sizes.  The  number  of  men 
in  the  administrative  force  is  also  shown. 

Fr°m  the  average  number  of  routes  per  100  gallons,  the  approxi- 
mate  average  load  carried  by  the  dealers  with  businesses  of  various  sizes 
can  be  determ, ned.  It  will  be  noted  that  the  larger  dealers  have  fewer 

due  to  the  fact  fh"?”8  hand'ed’  than  the  smaller  ones-  This  is  in  part 
bulk  mUk  “  many  Cases  they  haQdle  a  proportion  of 


TABLE  116 

Number  of  Route  Foremen,  Office  Clerks  and  Administrative  Officers  Employed  at  Milk  Plants  of  Various  Sizes  (7) 
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NUMBER  OF  MEN  REQUIRED  FOR  MILK  DELIVERY 

The  average  number  of  routes  per  route  foreman  varies,  but  as  a 
general  rule  the  larger  dealers  are  able  to  economize  in  this  respect,  and 
fewer  route  foremen  are  required,  per  100  gallons  handled  and  per 
route,  than  with  the  smaller  dealers.  This  same  situation  also  exists 
in  the  case  of  administrative  officers.  The  administrative  officers  of 
the  smaller  plants,  however,  generally  exercise  a  closer  personal  super¬ 
vision  of  the  work  than  is  the  case  with  the  large  plants,  and  for  this 
reason  in  many  cases  fewer  men  are  required  for  the  actual  operating. 

The  number  of  office  clerks  required,  in  relation  to  the  number  of 
routes,  depends  more  on  the  system  of  accounting  used  than  on  the  size 
of  the  business.  Some  of  the  large  dealers  have  many  more  office  clerks, 
per  route  operated  than  some  of  the  smaller  ones. 

Table  117  presents  some  interesting  information  as  to  the  number  of 
men  employed  in  plants  in  different  cities.  Figures  from  the  principal 
plants  in  each  city  were  obtained. 

TABLE  117 


Principal  Plants  in — 

Average 

Number 

of 

Routes 
per 
Route 
Foreman . 

Average 

Number 

of 

Routes 

per 

Office 

Clerk. 

Average 

Number 

of 

Routes 

per 

Stable¬ 

man. 

Average 
Number 
Gallons 
Handled 
per 
Milk 
Handler  f 

Average 

Number 

of 

Routes 
per 
Milk 
Handler,  f 

Buffalo . 

7 

6.5 

7 

125 

1.8 

Milwaukee . 

12.2 

6.3 

6.3 

212 

2.1 

Minneapolis  and  St.  Paul . 

9.5 

7.9 

204 

2.0 

Cleveland  and  Akron . 

4.5  * 

4.5 

7.5 

167 

1.5 

Baltimore . 

7.5 

6.4 

5.0 

186 

2.3 

Washington. . 

3  0 

7 

1  71 

Philadelphia . 

7.0 

7.0 

9.7 

1/1 

216 

1 . 7 

1  7 

Boston . 

6.3 

4.3 

4.6 

288 

1  5 

Pittsburgh . 

6.1 

3.9 

5.1 

317 

2  1 

Detroit . 

10.2 

6.4 

10.1 

271 

2  0 

Seattle . 

9.3 

4.7 

8.6 

200 

1  8 

Spokane  and  Butte . 

10.0 

2.5 

10.0 

123 

1  4 

Portland . 

4  1  * 

6  8 

Los  Angeles  and  San  Francisco. . .  . 

7.6 

5.9 

140 

277 

2.1 

2.0 

*  Includes  collectors  and  solicitors, 
t  Under  this  heading  all  men  in  the  plant,  including 
with  the  milk  department,  are  included. 


engineers  and  firemen, 


whose  work  deals 
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MILK  DELIVERY 


CHECKING  THE  ROUTE  SALESMEN 

The  route  driver  generally  makes  out  his  order  for  goods  a  day  ahead, 
so  that  the  proper  quantity  can  be  bottled  at  the  plant.  This  quantity 
is  given  to  him  and  charged  to  him  before  he  leaves  the  plant  for  his 
route,  and  he  is  credited  for  all  that  he  brings  back  when  he  returns. 
He  is  charged  for  the  difference.  The  following  forms  are  similar  to 
those  used  at  milk  plants  for  checking  the  driver  out  and  in  and  for 
making  his  daily  reports. 


Daily  Orders  Checked  by  Ut  Route  No_ 

- .192 -  In 


Milk 

Buttermilk 

Skimtnilk 

Cream  H 

But. 

Cheese 

cans 

qts. 

pts. 

cans 

qts. 

cans 

qts. 

cans 

qts. 

pts. 

pts. 

Lbs. 

Packages 

Drivers’ 

Orders 

Extras 

Total  Out 

Total  Re¬ 
turned 

Net  Sales 

J - — 

Fia.  129. — Form  for  checking  wagon  driver  out  and  in. 


RECEPTACLE  REPORT 

cans 

Bottles 

Qts. 

Pts. 

Vi  pts. 

Out 

Re- 

turned 

Empty 

full 

total 

Over 

* 

Short 

Fig.  130.— Form  for  checking  receptacles  taken  out  and  returned 

nection  with  the  form  shown  in  Fig.  129. 


Used  in  con- 


CHECKING  THE  ROUTE  SALESMAN 

DRIVER'S  DAILY  RETORT 
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Driver- 


No.. 


Date. 


Out 

In 

Net 

Price 

Value 

Currencj _ _ _ 

j 

ft! 

Gold _ 

Pennies _ _ _ 

Checks 

Quarts  cream 

Total  cash 

Pints  cream 

CASH  ACCOUNT, 

Half  pints  cream 

$ 

.Gallons  skim  mfllj  , 

JPounds_buttei: _ 

Cash  sales _ 

Total  cash 

Cash  sales 

•XaLue.of.  loari 

Total  sales _ 
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COLLECTED  ON  ACCOUNT 


Name 

Address 

Page  No, 

Cash 

5 

Total 

WHOLESALE  SALES  (CASH) 


Name 

Addrccs 

Page  No, 

Quantity 

goods 

Amount 

a 

Total 

'~= 

TICKETS  SOLD  TO-DAY 


Name 

Addrccs 

Page  No, 

Coupon  Nos, 

Charge 

Cash 

s 

■5 

_ 

. 

Total 

— 

Report  audited  by - . - - - — 

Fiq.  132.— Reverse  side  of  form  shown  in  Fig.  131 
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No .  Date . 193  . 

. . 

Route  No .  Address . 

To  Tickets  $1.00  Cr: . 

No .  Date . 193 .. . 

M . 

To  YOUR  NAME  HERE,  Dr. 


To  Tickets  Rec’d  Paym’t . Date . 19 . . 

See  (hat  this  Bill  is  Receipted.  Please  retain  this  Bill.  Report  any  dissatisfaction  at  once. 


.g  Good  For  O 

*  ONE  QUART  MILK  * 

8  YOUR  NAME  HERE  F 


.g  Good  For  O 

«  ONE  QUART  MILK  £ 

<§  YOUR  NAME  HERE  F 


.g  Good  For  o 

*  ONE  QUART  MILK  * 

o  YOUR  NAME  HERE  F 

.g  Good  For  o 

*  ONE  QUART  MILK  " 

o  YOUR  NAME  HERE  F 

.g  Good  For  O 

*  ONE  QUART  MILK  £ 

o  YOUR  NAME  HERE  F 

.g  Good  For  O 

«  ONE  QUART  MILK  * 

o  YOUR  NAME  HERE  F 

.g  Good  For  O 

«  ONE  QUART  MILK  ™ 

o  YOUR  NAME  HERE  F 


.g  Good  For  O 

*  ONE  QUART  MILK  * 

o  YOUR  NAME  HERE  F 

.g  Good  For  o 

*  ONE  QUART  MILK  " 

o  YOUR  name  here  f 

.g  Good  For  o 

«  ONE  QUART  MILK  * 

o  YOUR  NAME  HERE  F 

.g  Good  For  O 

*  ONE  QUART  MILK  * 

o  YOUR  NAME  HERE  F 

.g  Good  For  o 

*  ONE  QUART  MILK  ™ 

o  YOUR  NAME  HERE  F 


F.a  133.-Tick«to  used  with  the  "cash”  system.  The  customer  leaves  in  the  be 
tickets  for  the  number  of  quarts  or  pints  of  milk  desired. 


ROUTE  BOOK 
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MILK  DELIVERY 


CREDIT  VERSUS  CASH  SYSTEM  OF  COLLECTION 

1  here  are,  in  general,  two  methods  of  handling  the  accounts  in 
the  retail  milk  business. 

1.  The  Credit  System. — With  this  system  a  route  book1  is  used,  with 
one  customer’s  name  on  each  page.  The  driver  keeps  the  book  scored 
according  to  the  quantity  of  goods  delivered  each  day,  and  bills  are  made 
out  from  this  book,  either  monthly  or  weekly.  In  order  to  balance  the 
driver,  where  this  system  is  used,  it  is  necessary  either  to  keep  his 
account  open  for  a  month  and  hold  him  responsible  for  all  shortages  at 
the  end  of  the  month,  or  to  go  over  his  route  book  each  day  and  balance 
him  daily.  This,  of  course,  requires  considerable  clerical  work. 


Fig.  135. — Auto  truck  for  wholesale  delivery. 

2.  The  Ticket  System. — With  this  system  the  driver  sells  tickets,2 3 4 5 
good  for  so  much  milk,  to  customers  for  cash  in  advance,  and  he  collects 
a  ticket  for  each  quart  of  milk  delivered.  With  this  system  it  is  com¬ 
paratively  simple  to  balance  the  driver  daily,  as  he  must  turn  in  each  day 
cash  or  tickets  for  the  amount  of  the  goods  and  tickets  charged  to  him. 

Some  of  the  advantages  of  the  ticket  system  are: 

1.  No  bad  bills. 

2.  Money  collected  in  advance. 

3.  Less  time  required  for  making  collections. 

4.  Less  bookkeeping  required. 

5.  Less  loss  of  bottles,  as  the  customer  is  supposed  to  put  the  ticket 
in  the  bottle  each  day. 

The  success  of  the  ticket  system  depends  on  the  cooperation  of  all 
the  dealers  in  a  particular  locality. 


1  See  Fig.  134. 


2  See  Fig.  133. 
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CHAPTER  XXIV 


COST  OF  MILK  DISTRIBUTION 

No  treatment  of  market  milk  problems  is  complete  without  a  dis¬ 
cussion  of  milk  prices  and  of  the  cost  of  milk  distribution.  The  costs  of 
milk  distribution  begin  at  the  farmer’s  door,  and  include  hauling  to  the 
station,  transportation  to  the  city  and  to  the  dealer’s  plant,  the  various 
processes  through  which  the  milk  goes  at  the  plant,  and  delivery  to  the 
consumer’s  door. 


DEALER’S  SPREAD 

The  difference  between  the  price  paid  by  the  consumer  and  the  price 
paid  to  the  producer  is  called  the  dealer’s  “  spread.”  In  this  spread  is 
included  the  dealer’s  profit,  as  well  as  his  expenses  or  costs  of  distribu¬ 
tion.  There  is  considerable  variation  in  the  spreads  taken  by  dealers 
in  various  cities,  and  by  different  dealers  in  the  same  city.  Table  118, 
showing  the  spreads  taken  by  dealers  in  different  cities  for  milk  delivered 
to  various  classes  of  trade,  is  quoted  from  Hoard  s  Dairyman. 

Dr.  Chas.  E.  North  (4)  in  his  report  of  the  Milk  Survey  of  Kansas 
City,  Missouri,  published  July,  1921,  quotes  from  the  Statistical  Bulletin 
of  the  International  Milk  Dealers’  Association  for  June,  1921,  as  follows, 
regarding  dealers’  spreads  in  the  cities  named . 

Dealer’s 


City  Market. 

Calgary . 

Denver . 

Washington . 

Chicago . 

Winnipeg . 

Baltimore . 

Detroit . 

Minneapolis . 

Kansas  City,  Mo . . . 

St.  Louis . 

Ottawa . 


Spread. 

$0,064 
.044 
.065 
.096 
.075 
.061 
.091 
.056 
.091 
.101 
.054 
.076 


Seattle .  054 

Milwaukee . 

Omaha . 

Table  119  shows  the  dealers’  spreads  in  the  Chicago  market  for  a 
period  of  years.  (8) 
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TABLE  118 


Dealers’  Margins  (Spread  between  Price  Paid  and  Selling  Price)  on  Quart 
Sales  of  Standard  Grade  Milk  Delivered  to  Different  Classes  of 
Trade  (1) 


Bulk  Milk 
to  Hotels. 
(Cents.) 

Bottled  Milk 
to  Hotels. 
(Cents.) 

Bottled  Milk 
to  Families. 
(Cents.) 

New  York . 

2.95 

5.95 

6.87 

Chicago . 

2.89 

4.85 

5.64 

Philadelphia . 

2.65 

3.95 

4.76 

Boston . 

3.96 

4.65 

6.63 

Baltimore . 

4.90 

6.15 

6.76 

Pittsburgh . 

3.46 

5.36 

5.63 

Cleveland . 

2.37 

3.97 

6.19 

Detroit . 

3.28 

5.77 

7.02 

Milwaukee . 

1.74 

3.62 

4.24 

Minneapolis . 

2.47 

3.52 

4.84 

New  Orleans . 

1.67 

4.42 

6.42 

San  Francisco . 

2.18 

4.57 

6.05 

Averages  of  above  cities . 

2.876 

4.731 

5.92 

I  lie  figures  given  are  based  on  prevailing  milk  prices  for  the  nine  months  ending 
with  March,  1919.  The  average  margin  or  gross  profits  received  by  dealers  in  the 
twelve  cities  was  2.876  cents  per  quart  when  delivered  in  bulk  to  hotels  or  restaurants; 
4.731  cents  per  quart  when  delivered  in  bottles  to  restaurants  and  retail  stores;  and 

5.92  cents  per  quart  when  delivered  in  bottles  to  the  family  trade.— U.  S.  Bureau  of 
Markets. 


EXTRACTS  FROM  AVAILABLE  DATA  ON  COST  OF  MILK  DISTRIBUTION 

During  recent  years  there  have  been  many  investigations  of  the 
milk  business  and  of  the  cost  of  milk  distribution.  There  is  naturally 
a  great  variation  in  the  costs  of  distribution.  Owing  to  the  fact  that 
lere  is  no  standard  uniform  system  of  cost  accounting  in  the  milk  busi¬ 
ness,  there  is  also  a  great  variation  in  the  allocation  to  different  items 
ol  costs  by  various  investigations  and  by  various  dealers.  In  order  to 
give  a  general  idea  of  the  cost  of  milk  distribution  and  of  the  various 

JZ0t  C°iStKiaS  r11  aS  the  variations  in  total  cost,  a  summary  of  some 

Tf,rr°  data  °n  thC  SUbieCt  ‘S  prcsented  on  the  following  pages 
Table  120  gives  an  analysis  of  the  costs  and  prices  paid  and  received 

JunTfo,  Sir  “  the  diStriCtS  named’  fOT  the  ’  Period" 

U  TseFoodT,Were.0btainCd  fr°m  th°  “RcP°rt  t0  Herbert  C.  Hoover 
Chairman  ”  ™m*strator’  the  Milk  Committee,  Clyde  L.  King’ 
his  Committee  was  appointed  by  the  Food  Administra- 


TABLE  119 

ealers’  Margins  in  Chicago  Dairy  District,  1908-1927  (8) 

are  the  difference  between  price  paid  producers  at  country  stations  and  retail  price  per  quart) 
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TABLE  120 

he  Average  Selling  Price,  Average  Spread,  Average  Price  Paid  Producer  and  Average  Expenses  per  Quart,  for  Certain 
Milk  Dealers,  on  all  Milk  Handled;  also  Ratio  of  Net  Earnings  to  Net  Sales,  for  Six  Months  Ending  June  30,  1917  (2) 
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District  A.— New  York  city  (Metropolitan  District).  District  F— New  England  (except  Boston). 

.  “  B. — New  York  State  (except  New  York  city).  “  G. — Milwaukee. 

C-  £  hicago,  Boston,  Baltimore  and  Washington.  “  H. — Indiana,  Illinois  (except  Chicago),  Iowa,  Kentucky,  Tennessee, 

D-  Pittsburgh.  Louisiana  and  Missouri. 

E. — Philadelphia.  “  J. — Ohio. 
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tion  during  the  war,  to  consider  the  production  and  distribution  of  milk 
for  city  markets.  (2) 

Table  121  gives  a  summary  of  data  collected  by  the  Mayor’s  Com¬ 
mittee  on  milk  from  five  of  the  large  distributing  companies  in  New 
\ork  City,  for  ten  months  ending  November  1,  1917.  (3) 

TABLE  121 

Cost  of  Milk  Distribution  for  Five  Large  Distributing  Companies 


in  New  York  City  for  Ten  Months  Ending  Nov.  1,  1917  (3) 


Cost  of  Items. 

Dealer 

A. 

Dealer 

B. 

Dealer 

c. 

Dealer 

D. 

Dealer 

E. 

Average  selling  price,  quart . 

0.08680 

0.08322 

0.08855 

0.11628 

0.093144 

Amount  paid  to  producers . 

.05627 

.05198 

.05645 

.05782 

. 045685 

Country  station  expenses . 

.00269 

00911 

00408 

014711 

Freight . 

.00563 

. 00704 

00986 

007984 

City  station  expenses . 

.01107 

.04138 

00921 

.023738 

Delivery . 

.00857 

.02820 

Cartage,  ferriage . 

.01683 

.01358 

Factory  expense . 

Administration,  clerical  and  over- 

head . 

.00203 

.00319 

.00430 

.00470 

.00181 

Depreciation . 

.00193 

.00109 

Total  cost  of  distribution . 

.03192 

.03549 

.03483 

.03605 

.047614 

Total  cost . 

.08819 

.08747 

.09128 

.09387 

.093299 

Profit  or  loss . 

.00139* 

.00425* 

.00273* 

. 00241 t 

.000155* 

*  Loss.  t  Profit. 


Dr.  Charles  E.  North  gives  the  figures  on  cost  of  milk  distribution, 
shown  in  Table  122,  in  his  report  of  the  Milk  Survey  of  Kansas  City,  Mo., 
published  July,  1921.  (4) 

TABLE  122 


Cost  of  Handling  One  Quart  Grade  B  Retail  Milk  in  Various  Cities  (4) 


Cost  Items. 

New 

York. 

Boston, 

Average. 

Balti¬ 

more, 

Average. 

Phila¬ 

delphia. 

Ottawa. 

Roch¬ 

ester, 

Average. 

Kansas 

City. 

Hart¬ 

ford. 

Country  charges. .  . 

0 . 008092 
.009072 

0.006139 
. 00S020 

0.000715 

.007500 

0.011910 

.007990 

0.011076 

0 . 000778 

0.005000 

0.005534 

.007658 

.011495 

.003136 

.026392 

.002856 

.003531 

.005078 

.003930 

.000660 

.003102 

.003500? 

.002000? 

Loss  on  surplus. . .  . 
City  plant  charges. 
City  labor  charges . 

.004237 

.017907 

.039915 

.002440 

.004237 

.023182 

.041240 

.027164 

.030360 

.015480 

.026590 

.010485 

,016642 

.025668 
. 026S50 

.032199 

.032552 

.022982 

.034280 

Administration 
charges . 

.000160 

.000399 

.002311 

.002750 

.000387 

.001337 

.001731 

.002342 

.087247 

.076751 

.073128 

. 068650 

.035614 

.066728 

.090716 

.101405 
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Hibbard  and  Erdman  (5)  give  the  following  data  regarding  costs  of 
distribution  in  Chicago,  Illinois,  Milwaukee  and  Madison  Wisconsin, 
in  1917,  indicating  “in  a  general  way  how  total  costs  are  distributed  . 


TABLE  123 

Cost  of  Milk  Distribution  (5) 


Cents  a  Quart. 

Per  Cent. 

3.276 

50.5 

0.489 

7.5 

1.172 

18.0 

1.541 

24.0 

6.478 

100.00 

The  same  authors  present  the  following,  based  on  prices  for  year 
ending  September  30,  1917: 


TABLE  124 

The  Distribution  of  the  Consumer’s  Dollar  (5) 


Chicago. 

Milwaukee. 

Madison. 

Per  Cent 

Per  Cent 

Per  Cent 

Cents. 

of 

Cents. 

of 

Cents. 

of 

Retail 

Retail 

Retail 

Price. 

Price. 

Price. 

Fanner  for  1 .03  quarts  *.  . 

4.71 

49.6 

4.46 

54.1 

4.41 

52  4 

Transportation  for  1.03  quarts. . 
Dealer  or  dealers  for  1  quart  (loss 

.58 

6.1 

.45 

5.4 

.38 

4.5 

deducted) . 

4.21 

44.3 

3.34 

a  n  n 

3.63 

43  1 

Consumer  for  1  quart 

•±U  .  O 

'  For  each  quart  the  consumer  buys,  the  farmer  sells  somewhat 
usually  about  1.03  quarts.” 


more  than  that  amount, 
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To  show  how  the  handling  of  milk  in  stores  would  effect  the  distri¬ 
bution,  the  same  authors  (5)  present  the  following: 


TABLE  125 

Distribution  of  the  Consumer’s  Dollar  (5) 


Milwaukee. 

Madison. 

Cents. 

Per  Cent 
of  Retail 
Price. 

Cents. 

Per  Cent 
of  Retail 
Price. 

Farmer  for  1 .03  quarts . 

4.46 

54.1 

4.41 

52.4 

Transportation  for  1.03  quarts . 

.45 

5.4 

.38 

4.5 

Dealer  for  1  quart . 

2.34 

28.4 

2.63 

31.1 

Store  for  1  quart . 

1.00 

12.1 

1.00 

12.0 

Consumer  for  1  quart . 

8.25 

100.0 

8.42 

100.0 

Hoard’s  Dairyman  quotes  from  the  Borden  Milk  Company,  regarding 
the  distribution  of  the  consumer’s  dollar,  as  follows: 


Per  Cent. 


Paid  to  farmer  for  milk .  40.0 

Country  factory  work .  5.4 

Freight  to  city .  6.7 

Trucking  to  city  pasteurizing  plant .  3.3 

Pasteurizing  plant  work .  10.0 

Trucking  to  distributing  branch .  4.0 

Distributing  branch  expenses .  28.0 

Remaining  for  distributor .  2.6 


100.0 

In  Table  126  is  given  a  summary  of  the  costs  of  distribution  for 
seven  large  milk  dealers  in  Philadelphia  and  Baltimore,  as  reported  by 
the  Governors’  Tri-State  Milk  Commission  in  1917.  (6) 
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TABLE  126 


Summary  of  Cost  Data  from  the  1917  Report  of  the  Governors’  Tri-State 
Commission,  Issued  by  the  Milk  Commissions  of  Pennsylvania,  Maryland, 
and  Delaware,  at  Harrisburg,  Pennsylvania  (6) 


Sold  for  the  Year. 

Total 

Total 

Load 

Cost  of 

Quarts 

per  Wagon, 

Distribution 

Handled. 

Wholesale, 

Retail, 

Quarts. 

per  Quart. 

Quarts. 

Quarts. 

Dealer  No.  1. 

16,067,676 

738,548 

14,464,898 

285 

SO. 045 

“  No.  2. 

307,800 

199,800 

108,000 

375-400 

.01315 

“  No.  3. 

360,000 

180,000 

180,000 

300 

.015 

“  No.  4. 

15,000,000 

4,050,000 

10,950,000 

300 

.049 

“  No.  5. 

11,996,151 

028 

“  No.  6. 

27,675,632 

1,092,744 

13,824,030 

300 

.0411 

“  No.  7. 

3,283,438 

1,189,265 

2,094,173 

234 

. 03279 

In  Table  127  are  given  the  costs  of  milk  distribution  in  six  towns 
and  cities  of  Massachusetts  in  1916,  as  reported  by  Cance  and  Ferguson 
in  Bulletin  173  of  Massachusetts  Agricultural  Experiment  Station.  (7) 

TABLE  127 

Comparative  Investment,  Costs,  Qauntities  and  Customers  Served  in 
_ _  Six  Towns  and  Cities  (Eighty-six  Distributors)  (7) 


City 

or 

Town. 


Milk  and  Cream  Distributed. 


Amherst . . . 
Walpole.. . 
Haverhill.. 
Pittsfield.  . 
Springfield. 
W  orcester . 


Retail  Milk. 


Daily 

(Quarts). 


1,050.0 

1,289.0 

8,232.0 

5.508.7 

8.612.7 
15,809.0 


40,501.4 


Yearly 
(Quarts) . 


383,250 

470,485 

3,004,680 

2,010,675 

3,143,640 

5,770,285 


14,783,015 


Whole¬ 

sale 

Milk. 


Yearly 
(Quarts) . 


87,600 

29,200 

925,000 

759,200 

367,350 

2,523,245 


4,691,595 


Cream. 


Yearly 

(Quarts) 


10,950 

13,140 

22,565 

37,139 

193,515 

28,829 


306,138 


Yearly  Cost 
of  Distribution. 


Retail 

Cost. 


$7,775.73 
10,643.68 
64,769.09 
46,609 . 17 
96,297.36 
152,512.03 


$378,607.06 


Cost 

per 

Quart. 

(Cents). 


Retail. 


2.03 

2.26 

2.16 

2.31 

3.06 

2.64 


2.56 


Quarts 

per 

Horse. 


175.0 

143.2 

176.3 

141.2 

183.2 
170.0 


Quarts 

per 

Mile. 


17.9 

23.8 
21.4 
21.6 

37.9 
28.0 


Quarts 

per 

Cus¬ 

tomer. 


1.235 
1.025 
1.299 
1.276 
1.106 
1 .227 


Tables  128  and  129  and  Figs.  136  and  137  show  costs  of  distribute 

££&  r  rPrnr  ■  “r 
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TABLE  128 

Relation  of  Cost  of  Handling  to  Capital  Investments,  Supplies,  and 
Labor  in  Twenty-eight  City  Milk  Plants  (9) 


Handling 
Cost  per 
Gallon.* 

Cents. 

Gallons 

Handled 

Daily. 

Investments. 

Supplies.! 

Labor. 

Total. 

Per 

Gallon 

Handled 

Daily. 

Per 

Day. 

Per 

Gallon. 

Cents. 

Per 

Day. 

Per 

Gallon. 

Cents. 

2.3 

1600 

$13,300 

$8.31 

$14.96 

0.9 

$13.68 

0.9 

2.4 

350 

4,320 

12.34 

11.84 

1.2 

1.99 

.6 

2.6 

9706 

267,575 

27.57 

70.01 

.7 

167.82 

1.7 

2.6 

2000 

16,824 

8.41 

16.57 

.8 

27.21 

1.4 

2.7 

850 

7,154 

9.54 

5.48 

.7 

10.68 

1.4 

2.8 

1450 

41,643 

28.72 

9.76 

.7 

14.25 

1.0 

3.1 

1450 

18,720 

12.90 

18.42 

1.3 

17.03 

1.2 

3.3 

220 

1,917 

8.71 

2.45 

1.1 

3.81 

1.7 

3.3 

340 

3,502 

10.30 

3.24 

1.0 

5.98 

1.8 

3.4 

470 

2,527 

5.38 

4.87 

1.0 

9.86 

2.1 

3.6 

400 

5,312 

13.28 

4.20 

1.0 

7.40 

1.9 

3.7 

165 

3,029 

18.36 

1.95 

1.2 

2.71 

1.6 

3.8 

2119 

97,457 

45.99 

11.79 

.6 

47.31 

2.2 

3.9 

425 

7,595 

17.87 

5.61 

1.3 

7.12 

1.7 

4.4 

335 

4,542 

13.56 

5.43 

1.6 

5.98 

1.8 

4.4 

100 

1,186 

11.87 

1.64 

1.6 

2.00 

2.0 

4.5 

310 

3,847 

12.41 

5.18 

1.7 

5.84 

1.9 

5.2 

230 

4,927 

21.42 

2.35 

1.0 

7.13 

3.1 

5.2 

1300 

7,315 

5.63 

36.10 

2.8 

9.97 

.8 

5  3 

100 

1,829 

18.29 

1.18 

1.2 

2.99 

3.0 

5  4 

240 

7,141 

29.75 

3.70 

1.5 

6.04 

2.5 

5  4 

530 

20,251 

38.21 

6.76 

1.3 

10.54 

1.0 

6  1 

135 

1,829 

13.55 

1.57 

1.2 

5.60 

4.1 

6  8 

85 

2,705 

31.82 

1.24 

1.5 

3.00 

3.5 

6  8 

1260 

110,592 

87.77 

33.78 

2.7 

21.80 

1.7 

7  0 

145 

4,274 

29.48 

3.58 

2.5 

4.70 

3.2 

7  1 

90 

2,762 

30.69 

2.18 

2.4 

2.56 

2.8 

7.2 

40 

1,725 

43.13 

.51 

1.3 

1.50 

3.8 

Average  4.4 

940.9 

$23,778 

$21.97 

$10.23 

1.4 

$15.23 

2.01 

*  These  „n,«  i„Cu,,  cW,  <o, 

r»,t  i«.  power  »Dd  „8h,  b.u,«.  cop,.  «*>«  -»<>«• 


etc. 
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TABLE  129 


Relation  of  Costs  per  Quart  Delivered  to  Investments  in  Delivery 
Equipment,  Average  Number  of  Quarts  Delivered  per  Wagon,  and 
Per  Cent  of  Sales  at  Retail  for  Twenty-eight  Dealers  (9) 


Cost 

per  Quart.* 
Cents. 

Investments 

Equip 

Total. 

in  Delivery 
ment. 

Per  Gallon 
Delivered 
Daily. 

Number  of 
Delivery 
Wagons. 

Average 
Quarts 
Delivered 
per  Wagon 
Daily. 

Per  Cent 
of  Sales 
at  Retail. 

0.5 

$1,005.00 

$3.24 

1 

1240 

0.0 

.8 

956.00 

4.35 

3 

293 

77.3 

.9 

1,527.00 

9.25 

1 

660 

50.0 

1.1 

14,899 . 10 

8.92 

14 

477 

54.5 

1.2 

527.50 

4.06 

2 

260 

73.1 

1.2 

7,280.00 

6.31 

12 

384 

62.5 

1.2 

2,480.00 

6.12 

4 

405 

47.1 

1.2 

8,779.00 

6.05 

14 

414 

93.3 

1.2 

870.00 

8.70 

1 

400 

77.2 

1.3 

2,907.00 

12.11 

3 

320 

60.0 

1.3 

1,180.00 

8.74 

1 

540 

77.3 

1.3 

40,050.85 

18.90 

14 

605 

58.9 

1.4 

170,090.04 

17.52 

99 

392 

81.3 

1.4 

15,055.50 

9.45 

16 

400 

53.3 

1.4 

692.00 

8.14 

1 

340 

62.5 

1.4 

2,096.00 

6.45 

3 

433 

76.9 

1.4 

8,779.00 

6.86 

14 

366 

34.5 

1.5 

3,030.00 

10.10 

4 

300 

65.0 

1 .5 

1,160.00 

4.64 

5 

200 

50.0 

1.5 

1,595.50 

6.94 

3 

307 

73.8 

1.5 

575.00 

14.38 

1 

160 

85.0 

1.6 

1,570.00 

17.44 

2 

180 

61.5 

1.6 

2,740.00 

8.06 

4 

340 

74.5 

1.6 

7,375.00 

17.35 

4 

425 

65.0 

1.7 

785 . 50 

7.85 

2 

200 

64.3 

1.7 

2,623.33 

7.83 

3 

447 

71.4 

1.8 

2,831.50 

5.34 

6 

353 

80  0 

2 . 5 

29,225.35 

23.19 

20 

252 

56.9 

1.38f 

11,881 . 75 t 

9.58f 

9t 

396  f 

63. 9f 

*  1  hese  unit  costs  do  not  include  items  of  administrati 
insurance,  taxes,  and  other  miscellaneous  expenses, 
t  Average. 


on,  office  expenses,  advertising,  licenses 
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Dealers  Grouped  According  to 
Number  of  Gallons  Handled  Daily 


771  Administrative  and 
— ^  Overhead  Costa 
I  Deliver/  Costs 
pB  Handling  Coats 

Fig.  136 


Dealers  Grouped  According  to 
Number  of  Gallons  Handled  Daily 


Fig.  137. 


Fig.  136. — Cost  of  handling  and  distributing  a  gallon  of  milk  in  Detroit  in  1915.  (9) 
Fig.  137. — Variation  in  cost  of  labor  per  gallon  of  milk.  Detroit,  1915.  (9) 


Table  130  shows  the  allocation  of  expenses  incurred  in  marketing 
milk  in  Chicago.  (8) 


TABLE  130 

Allocation  of  Expenses  Incurred  in  Fluid-Milk  Marketing  in  Chicago 

1925-1926  (8) 


(Based  on  average  yearly  milk  distribution  of  approximately  40  million  pounds) 


Percentage. 

Percentage  of 
Total  Expenses. 

Labor,  salaries  and  commissions: 

1.68 

1.81 

motor  irdlispul  . . 

7.91 

3.76 

2.85 

4.13 

68.64 

5.07 

4.15 

100.00 

65.11 

EXTRACTS  FROM  AVAILABLE  DATA 
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TABLE  130 

Allocation  of  Expenses  Incurred  in  Fluid-Milk  Marketing  in  Chicago, 

1925-1926  (8 )— Continued 

(Based  on  average  yearly  milk  distribution  of  approximately  40  million  pounds) 


Percentage. 


Percentage  of 
Total  Expenses. 


Processing  and  operating,  materials  and  supplies: 
Supplementary  ingredients  (chocolate,  salt,  etc.) 

Bottles  and  bottle  caps . . . 

Butter  and  cheese  containers . 

Cans,  cases,  and  crates . 

Ammonia  and  coarse  salt . 

Coal . 

Gasoline,  oils,  and  grease . 

Ice . . . . . 

Lighting  supplies  (lanterns,  oil,  electric  bulbs, 

etc.) . 

Cleaning  supplies . 

Laboratory  supplies . 

Small  tools . 

Tires . •. . 

Horse  feed,  bedding,  and  miscellaneous . 

Stationery  and  office  supplies . 

Miscellaneous  (milk  tags,  bottle  carriers,  etc.) . . . 

Taxes . 

Insurance . 

Depreciation: 

Auto  trucks . 

Horses,  wagons  and  equipment . 

Buildings . 

Fixtures . 

Machinery  and  other  dairy  equipment . 

Rentals: 


3.87 
28.91 

1.87 
6.09 

.19 

11.74 

1.37 

12.09 

.72 

1.39 

.03 

.05 

.01 

26.40 

3.90 

1.37 

100.00 


5.93 

28.38 

17.79 

4.24 

43.66 

100.00 


10.81 

.72 

1.07 


3.63 


General  plant,  sales  stations,  tank  cars,  barn  and 

stables,  etc . 

Transportation : 

Miscellaneous  country  and  general . 

Freight  and  cartage  to  city . 

Trucking — city . 

Communication: 

Postage,  telephone,  and  wires . 

Professional  services: 

Collection,  legal,  accounting  and  veterinarv 

Unclassified:  . 

Country  and  city  processing . 

Memberships  and  dues . 

Subscriptions  and  donations 

Property  damaged . 

Interest  paid . 

Reserved  for  bad  debts. i . 

Miscellaneous . 

Advertising . 


.57 


.59 

79.03 

20.38 

100.00 


9.21 


.37 


.15 


6.70 

6.70 

6.05 

1.72 

7.97 

54.45 

16.41 


100.00 


1.75 

1.65 
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TABLE  130 

Allocation  of  Expenses  Incurred  in  Fluid-Milk  Marketing  in  Chicago, 

1925-1926  (8) — Concluded 


(Based  on  average  yearly  milk  distribution  of  approximately  40  million  pounds) 


Percentage. 

Percentage  of 
Total  Expenses. 

Repairs,  maintenance  and  construction  supplies: 
Buildings . 

5  44 

Machinery  and  equipment . 

10.36 

Can  repairs . 

1.09 

Autos . 

1.32 

Furniture,  fixtures  and  equipment . 

1.77 

Construction  materials  (lumber,  pipe,  iron  and 
steel,  paints,  oils,  wire,  etc.) . 

2.33 

Repair  parts . 

2.56 

Horses . 

24.41 

Wagons  . 

45.32 

Harness . 

5.40 

Operating  services: 

Light  . 

100.00 

17.62 

3.97 

Power  . 

25.49 

W  ater  . 

19.68 

Uaiilinc  . 

4.25 

TVT  psspn  cpr  . 

3.40 

TowpI  sprvicp  . 

4.73 

Miscellaneous  (auto  service,  laboratory,  calcu- 

24.83 

100.00 

.99 

100.00 

Table  131  and  Fig.  138  show  the  expenses  incurred  in  marketing 
fluid  milk  in  four  Illinois  markets,  (8)  and  Table  132  shows  the  dis¬ 
tribution  of  the  consumer’s  average  purchase  price  for  retail  milk  in 

Chicago.  (8) 


EXTRACTS  FROM  AVAILABLE  DATA 
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TABLE  131 

Expenses  Incurred  in  Marketing  Fluid  Milk  in  Four  Markets  Supplied  by 

Illinois  Producers  (8) 


(jrjgjjrgg  indicate  percentage  of  total  expenses  absorbed  bj  each  item.) 


Chicago. 

1925-1926. 

St.  Louis. 
1924-1926. 

Peoria. 

1924-1926. 

Quincy. 

1924-1927. 

Labor,  salaries,  and  commissions 

65.11 

49.49 

43.56 

50.94 

Processing  and  operating,  ma¬ 
terials  and  supplies . 

10.81 

17.40 

12.36 

19.04 

Taxes . 

.72 

.98 

.92 

1.49 

Insurance . 

1.07 

2.12 

2.84 

1.47 

Depreciation . 

3.63 

8.90 

8.43 

7.03 

Rentals . 

.57 

.93 

3.74 

Transportation . 

9.21 

4.97 

.59 

.09 

Communication . 

.37 

.35 

.61 

.25 

Professional  services . 

.15 

.56 

.77 

.44 

Unclassified . 

1.75 

6.27 

8.20 

5.61 

Advertising . 

1.65 

1.74 

6.39 

3.55 

Repairs,  maintenance,  and  con¬ 
struction  supplies . 

3.97 

4.22 

8.91 

4.97 

Operating  services . 

.99 

2.07 

2.68 

5.12 

Total . 

100.00 

100.00 

100.00 

100.00 

Approximate  average  annual 
volume  (pounds)  on  which 
percentages  are  based . 

40,000,000 

40,000,000 

10,000,000 

6,000,000 

TABLE  132 

Distribution  or  the  Consumer’s  Average  Purchase  Price  for  Retail  Milk 
and  Milk  Products  in  Chicago  on  the  Basis  of  a  Quart  of  3.5  Per  Cent  Milk  (8) 


(Based  on  total  retail  sales  for  all  volumes,  involving  an  average  distribution  of  ap¬ 
proximately  200  million  pounds  yearly.  At  least  95  per  cent  of  the  sales  were  retail.) 


Cents. 

Cents. 

Customer’s  purchase  price .... 

Cost  of  milk . 

12.9118 

Gross  margin .  .  . 

Purchasing,  receiving,  and  processing  expense 

Selling  and  delivery  expense .  . 

2.1968 

4.5988 

.3160 

o . 3294 

7.5824 

General  and  administrative  expense 

Total  expense. .  .  . 

7.1116 

Net  income. . . 

.4708 
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Chicago 


St.  Louis 


Peoria  Quincy 


Labor,  Salaries,  and  Commissions 
mmTl  Processing  and  Operating  Materials  and  Supplies 


|  Taxes  I - 1  Professional 

rrm  Insurance  Unclassified 

■  Depreciation  Advertising 

|  Rentals  OTTl  Repairs,  Maintenance, 

and  Construction  Supplies 

Transportation 
■ ■  communication  WM®  Operating  Services 

Fig  138  —Allocation  of  distribution  expenses  in  four  markets  (8).  Amounts  spent 
ir  hbor  salaries  and  commissions  were  smallest  in  Peona,  where  much  of  the 
mlli  is  detered  by  independent  route  owners.  Table  .31  shows  figures  on 

which  graph  is  based. 

Table  133  shows  the  unit  profits  and  losses  on  retail  milk  and  cream 
in  Chtago  in  1924.  (8)  It  will  be  noted  that  there  was  a  loss  on 

milk  sold  in  pints  and  half  pints. 


EXTRACTS  FROM  AVAILABLE  DATA 
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TABLE  133 

Unit  Profits  and  Losses  on  Retail  Milk  and  Cream  Products  in  Chicago 

Market,  1924  (8) 

(The  milk  and  cream  included  are  a  part  of  a  total  distribution  of  approximately 
150  million  pounds  of  milk;  by-products,  200  million  pounds.) 


Products 

Unit  Profit 
or  Loss,* 
Cents 

Equivalent 
per  Quart  of 
3.5  Per  Cent 
Milk 

Whole  milk: 

Quarts . 

.752 

.752 

Pints . 

-1.560 

-3  120 

Half-pints . 

-  .936 

-3.744 

Sweet  cream,  22  per  cent: 

Half-pints . 

1.730 

Half-pints,  on  3.5  per  cent  milk  base  f . 

.275 

1.100 

Sweet  cream,  32  per  cent: 

Half-pints . 

2.060 

Half-pints,  on  3.5  Der  cent  milk  base . 

.225 

.900 

Cocoa  drinks,  pints . 

.893 

Cultured  skim  milk,  quarts.  .  .  . 

.643 

Cottage  cheese,  three-quarter-pound  cartons . . 

.887 

*  Losses  are  represented  with  a  minus  sign  before  the  figures. 

t  It  requires  6.286  quarts  of  3.5  per  cent  milk  to  make  one  quart  of  22  per  cent  cream  Since 
one  half-pint  of  this  cream  yielded  a  profit  of  1.730  cents,  four  half-pints  yielded  a  profit  of  6.92  cents. 

HenC6'  6^286  e<1Ual8  1-10  Cent8,  which  was  the  profit  per  °f  3.5  per  cent  milk  when  sold  as 


cream  in  half-pints  at  the  retail  price.  Similarly  9.143  volumes  of 
to  make  a  corresponding  volume  of  32  per  cent  cream. 


3.5  per  cent  milk  are  required 


Horner  (10)  has  the  following  to  say  regarding  the  cost  of  dis¬ 
tributing  milk  in  Detroit: 

■  i  because  of  the  nature  of  the  milk  business  much  difficulty  is  found 

lowing  estimate  is,  however,  offered  as  to  tho  f f e? t  ' .  e  fo1" 
S  0D  eStimate  made  in  Dctroit-  These*  figures  "are*  for  the  year 
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TABLE  134 

Cost  of  Milk  Distribution  (10) 
(45  per  cent  of  Detroit  market,  1922) 


Raw  materials  (milk) . 

Receiving  station  expenses. 

Transportation  costs . 

Receiving  and  weighting . . . 

Cost  delivered  to  plant 


Cents. 


4.9124 

.2043 

.5622 

.0553 


Cents. 


5.7342 


Supplies,  bottles,  cans . 

General  manufacturing  expense,  pasteurizing  and  bot¬ 
tling . 


.3151 

.7223 


1.0374 


Cost  to  place  on  wagon 


6.7716 


Delivery  expense . 

Selling  expense . 

Administrative  expense . 

Total  cost — (not  including  depreciation, 
and  other  expenses) . 

Depreciation . 

Bad  debts . 

Interest  cost  (expenses — income) . 

Total  cost . 

Income  per  unit . 

Cost  before  income  tax . 

Profit  before  deducting  income  tax . 

Income  tax . 


2.0531 

.0911 

.3269 


2.4711 


interest 


.1919 

.0341 

.0207 


9.2427 


.2467 

9.4894 

10.5668 

9.4894 

1.0774 

.1066 


Net  profit  per  unit 


.9708 


“  It  will  be  noted  from  the  table  above  that  the  profit  on  a  quart  of 
milk  is  on  the  average  less  than  one  cent.  Since  milk  is  sold  as  a 
general  rule  in  even  cents  per  quart,  a  reduction  in  the  puce  of  milk 
of  one  cent 'per  quart  would  eliminate  all  profit  and  therefore  caus 

is  the  cost  of  delivery  to  the  final  purchaser. 


EXTRACTS  FROM  AVAILABLE  DATA 
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Y/A  Cost  of  Product 

rrm  Purchasing,  Receiving 
and  Processing 


Selling  and  Delivery 
Expense 

□  General  and  Adminis 
trative  Expense 


1  1  Net  Income 

Fig.  139. — Costs  and  margins  in  milk  distribution  in  four  markets.  (8)  The  total 
length  of  each  bar  represents  a  sales  dollar.  In  Chicago  and  St.  Louis,  where 
marketing  costs  are  higher,  the  producer  received  a  smaller  part  of  the  con¬ 
sumer's  dollar. 


Food  Industries  for  October,  1930,  gives  the  cost  of  distribution  for 
the  Borden  Milk  Company,  New  York,  as  follows: 

“  During  1929  the  Borden  Company  received  an  average  of  SO.  1593 
for  each  quart  of  Grade  B  milk,  which  latter  represents  75  per  cent  of 
the  company’s  total  volume  of  fluid  milk.” 


Raw  milk  (average  payment  per  quart  delivered  at  country  plant) 
Production  expense: 

Labor  and  salaries  for  direct  plant  operation . 

Materials . 

Property  expense . 

Miscellaneous  expense,  incl.  freight  and  hauling,  etc . . 

Containers:  bottles,  cases,  cans . 

Freight  and  hauling . 

Selling  expense: 

Wages  and  commissions . 

Materials . 

Property  expense . 

Miscellaneous  expense . 

General  and  administrative  expense . 

Net  profit .  . 


$0.0059 

.0025 

.0024 

.0103 


0313 

0031 

0048 

0040 


Total  (average  selling  price) 


$0.0741 


.0211 

.0030 

.0131 


.0432 

.0017 

.0031 


$0.1593 
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MILK  PRICES 

On  the  following  pages  are  given  data  on  milk  prices  paid  and 
received  for  milk  by  dealers  in  various  cities  of  the  United  States. 


Report  of  Fluid  Milk  Market  for  April,  1931  (12) 
Wholesale  and  Retail  Milk  Prices  at  Cities 


State. 

City. 

Dealers’ 
Buying 
Prices  at 
City  for  3.5 
Per  Cent 

B.  F.  Bulk. 
Cents  per 
Quart. 

Ala . 

Birmingham. . . . 
Mobile 

6.04-6.45t 

Ariz. . . . 
Calif. .  . 

Colo 

Phnpniv 

Los  Angeles.  . .  . 

San  Diego . 

San  Francisco.  . 
Denver . 

5.27 

6.62-6.77 

5.05-5.65 

3.57 

Conn. . . 

Bridgeport . 

Hartford . 

8.06f 

8.06t 

Del. .  .  . 
D.  C. .  . 
Fla . 

New  Haven .... 

W  il  m  i  n  f  rt.nn 

8.06f 

Washington.  . . . 
Jacksonville. . . . 
Miami  . 

7.01-7.48f 

7.07 

7.46f 

T  nmm 

Ill 

Chicago . 

5 . 74 1 

Peoria . 

6.02f 

Ind. .  .  . 

Iowa . . . 

Springfield . 

Evansville . 

Indianapolis. . . . 
South  Bend .... 

Davenport . 

Des  Moines.  . . . 
Diihnrme . 

3.65 
4.51  f 
3.01-3.57 
3.76-3.98f 
3.98f 
4.94f 
3.33f 

Kans. . . 

Sioux  City . 

T'nneka . 

4. 29f 
3.76| 

Win.hit.a . 

2.86-3.401 

Ky . 

Lexington . 

T  .nnisvillo . 

5.05 

3.65f 

La . 

Md..  .  . 

Mass. . . 

New  Orleans .  .  . 
Ralt  imnro . 

5.09 

6.60| 

Cumberland .... 
Rost  on  . 

5.70f 

5.87| 

Mich. . . 

Springfield . 

Tletrnit  . 

6.64f 

5.27f 

Grand  Rapids .  . 

Kalamazoo . 

T.ansine'  . 

4.62-4.94f 
4.29-5  05 f 
4.84f 

Minn.. 

T")ulut,h  . 

4.23t 

Minneapolis. . . . 
St.  Paul . 

3.98f 
3 . 98f 

Selling  Price.  * 


On  Routes. 

At 

Retail 

Stores. 

Bottles. 

Cents 

per 

Quart. 

Prevail¬ 
ing  B.  F. 
Test  of 
Milk 
Sold. 
Per  Cent 

Wholesale  Trade. 

Family 

Trade. 

Bottles. 

Cents 

per 

Quart. 

Bulk. 
Cents  per 
Quart. 

Bottles. 
Cents  per 
Quart. 

11,  05 

14 

13 

4. 0-4. 6 

5-6 . 25 

8 

12 

10 

4.0 

7.5 

6-10 

12 

10 

8.12 

10 

13 

3-6-4. 2 

10-11.25 

11-12 

13-14 

11-14 

3.7-4. 1 

6.25 

8 

13 

11 

3.75-4.0 

7.5 

7-8 

10 

8-9 

3.6 

10 

13 

15 

15 

11 

12 

15 

15 

3. 8-4.0 

11 

13 

15 

15 

3.7 

10 

12 

12 

13-14 

3.8 

10-10.75 

11.5-13 

14 

11-14 

4.0 

12 

12-12.5 

15-16 

13-15 

4. 0-4. 8 

13.75 

10-15 

11-17 

12-17 

4.0 

7.5-12.5 

10-13 

15 

11-15 

3.5-44 

8-9.5 

12 

13 

12-13 

3.5 

8.25 

11 

13 

13 

3.7 

6.5 

8 

9.1 

10 

3.8 

8 

9 

11 

11 

3.8 

6.5 

8 

10 

10 

3.8 

7.5 

8 

10 

10 

4.0 

7-7.5 

8 

10 

10 

3.5-38 

7.5 

9 

11 

10-11 

36-3.7 

6.5 

7 

9 

8-9 

3. 7-3. 9 

7.5 

8 

10 

9-10 

3.8 

7.5 

7-8 

8-10 

8-10 

4.0 

6.25 

7 

9 

8-9 

3.5 

8.75 

10-12 

14 

12-13 

4.3 

6.25 

8 

10 

10 

3. 8-4.0 

8 

12 

14 

14 

4.0 

9 

12 

8.75 

11 

13 

13 

4. 0-4. 4 

8.25 

9.5 

12.5 

10 

10.5 

13 

11-13 

3. 9-4.0 

9 

11 

14 

11-14 

8.25 

9.5 

12 

10-11 

3.6 

6  5 

8 

10 

8-10 

3.7 

7  5 

8 

10 

10 

4.0 

7.5 

8 

10 

10 

3.5-37 

11 

3. 5-3. 6 

7.5-7.75 

8.5 

10 

9-10 

7  5 

8.5 

10 
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Report  of  Fluid  Milk  Market  for  April,  1931—  Continued 
Wholesale  and  Retail  Prices  at  Cities 


State. 

City. 

Dealers’ 
Buying 
Prices  at 
City  for  3.5 
Per  Cent 
B.  F.  Bulk. 
Cents  per 
Quart. 

Mo. .  .  . 

Kansas  City .... 
St.  Louis . 

5.37-5.44f 

5.48ft 

Mont 

Lewistown . 

Nebr. .  . 

Lincoln . 

3.95 

Omaha . 

4.08 

N.  H.. . 

Portsmouth .... 

N.  J. . . . 

Trenton . 

6.58f 
5.78| 
5. 16f 
6 . 24 f  § 

N.  Y. . . 

Albany . 

Buffalo . 

New  York . 

Rochester . 

N.  C. . . 

N.  Dak. 

Greensboro . 

Winston-Salem  . 
Grand  Forks.  .  . 
Mandan . 

6.45 
6.45f 
4.29 
4.29f 
5.05-5. 16f 
4.21  f 
3  76 

Ohio. .  . 

Cleveland . 

Columbus . 

Dayton . 

Toledo . 

3 . 44-4 . 08 

Okla . . . 

Oklahoma  City . 
Tulsa . 

3.76 

3  76 

Oreg . . . 
Pa . 

Portland . 

3 . 55  f 
5.01  f 
6.64f 
5.76f 
5.59 

Harrisburg . 

Philadelphia .... 
Pittsburg . 

Scranton . 

R.  I.... 

Newport . 

Providence . 

S.  Dak . 
Tenn. . . 

Sioux  Falls . 

Memphis . 

3.76 
5.01  f 

Nashville . 

Tex. . .  . 

Dallas . 

5.59f 

5.48f 

3.76 

7. 72-7. 91 f 

El  Paso . 

Utah. . . 

Salt  Lake . 

Va . 

Richmond .... 
Roanoke . 

Wash.  . 

Seattle . 

3.87f 

Spokane . 

W.  Va.. 

Clarksburg .... 
Wheeling.  .  . 

5.37f 

4.62f 

6.45 

5.37f 

Wis. .  . 

Kenosha .... 

Milwaukee. .  . 
Racine.  .  . 

Superior .  .  . 

4.23t 

*  These  prices  represent  grade  B  milk  or  t 

Selling  Price.* 

On  Routes. 

At 

Wholesale  Trade. 

Family 

Retail 

Trade, 

Stores. 

Bottles. 

Bottles. 

Bulk, 

Bottles. 

Cents 

Cents 

Cents  per 

Cents  per 

per 

per 

Quart. 

Quart. 

Quart. 

Quart. 

8.75-10 

9-10 

13 

10-13 

8.75 

10 

12 

12 

7.5 

8 

10 

10 

6.5 

8 

10 

10 

7 

8 

10 

9 

9 

12 

12 

9 

11 

12 

12 

8.5 

12 

13 

15-16 

7.5 

9-10 

12 

12 

10 

14 

15 

15 

11 

13 

13 

13 

11.25 

12.5 

15 

15 

10-11.25 

12 

14.25 

15 

7.5 

8 

10 

9 

8 

8.5 

11 

10 

8 

9 

11-13 

10-12 

7-7.5 

8 

10 

9-10 

8 

6-8 

10 

8-10 

8.5 

9 

11 

10-11 

7.5 

8 

10 

9 

7.5-8.75 

9 

11 

10-12 

7.5 

8 

10-11 

10 

9 

10 

12 

10-12 

10 

11-12 

12 

12 

10 

11 

13 

15 

12 

1 4 

1  A 

9.37 

10 

12.5 

1*± 

10 

6.25 

8 

10 

10 

13 

in  iq 

7.5 

10-12 

12 

1 U  1  o 

12 

8.75 

9 

12 

10 

10 

11 

13 

13 

7 

8 

10 

10 

11 

13 

14 

11.25 

13 

15 

15 

7 

7. 5-8. 5 

10-11 

10-11 

7 

8 

10 

10 

8.75 

10 

12 

13 

8.75 

9 

11 

11 

11 

11 

13 

13 

7 

8.5 

10 

8-10 

9.5 

9.5 

11 

11 

8 

9 

11 

11 

Prevail¬ 
ing  B.  F. 
Test  of 
Milk 
Sold. 
Per  Cent. 


3.7- 38 
3.8 

3.6 
3.8 

3.8 

3.9 

3. 7- 3. 8 

3.6-3.75 
3.65 

3.7 
4.0 
4.1 
3.5 

3. 8- 3.9 

3.5- 38 

3. 5- 4.0 

3.8 


.0-4.4 
4.0 

3.6-38 


3.9 

3.7 

4.0 


.0-4.2 

3.8 

3.9 


.5-4.0 

.7-4.0 

.8-4.0 

.5-3.8 


3.5 

3.8 


«  P»  to  «  per 

t  Basic  prices  for  fluid  milk. 


C This  price  applies  to  part  of  supply  only.  Late 
of  March  supply  was  3.87  cents  per  quart 
§  In  the  201-210  mile  zone. 


reports  indicate  that  buying  price  for  part 
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COST  OF  MILK  DISTRIBUTION 


Producers’  Prices  for  Standard  Grade  Milk  Testing  3.5  Per  Cent 

Butterfat  (11) 


(Delivered  f.o.b.  local  shipping  point  or  country  plant) 


Sections. 

Rai  ge  of  May  Prices. 

Prices  Compared  for  Same 
Markets. 

1930 
Average 
for  May. 

Number 
of  Local 
Markets. 

Prices  per 
Hundred¬ 
weight. 

Number 
of  Local 
Markets. 

1931 
Average 
for  May. 

1931 
Average 
for  April. 

New  England . 

11 

$1.89-3.52 

11 

$2.71 

$2.70 

$3.73 

Middle  Atlantic . 

18 

1.80-2.92 

18 

2.44 

2.46 

2.95 

E.  North  Central . 

25 

1.06-2.57 

22 

1.91 

1.97 

2.46 

W.  North  Central .... 

22 

1.33-2.59 

21 

1.77 

1.85 

2.14 

South  Atlantic . 

12 

2.00-3.29 

12 

2.73 

2.81 

3.30 

E.  South  Central . 

5 

1.65-2.20 

5 

1.99 

1.99 

2.26 

W.  South  Central . 

6 

1.35-2.20 

5 

1.76 

1.80 

2.18 

Mountain . 

5 

1.31-3.20 

4 

2.00 

1.99 

2.13 

Pacific . 

11 

1.15-3.07 

10 

2.03 

2.05 

2.26 

United  States . 

115 

1.06-3.52 

108 

2.16 

2.25 

2.65 

Above  prices  include  “basic”  prices  where  a  surplus  plan  or  pooling  plan  is  in 
effect.  Cities  where  prices  are  based  upon  current  butter  quotations  are  not  included. 


MILK  PRICES 
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Net  Prices  Paid  Members  of  Producers’  Associations  (11) 


The  following  net  prices  were  reported  paid  to  members  of  producers’  associations 
supplying  the  cities  listed.  Prices  announced  in  advance  for  such  cities  are  usually 
of  two  classes,  “basic”  and  “surplus,”  the  former  applying  to  that  portion  of  the 
milk  which  is  used  in  fluid  form  for  city  wholesale  and  retail  trade,  and  the  latter 
applying  to  that  portion  classed  as  “surplus,”  which  is  used  for  manufacturing 
purposes. 


Cities. 

Last  Net 
Price  Paid 
for  3.5 

Period 
for  Which 
Price 

Previously  Announced  Prices  for 
Same  Period. 

Per  Cent 
Milk.* 

Was 

Paid. 

Basic. 

Surplus. 

Hartford,  New  Haven  & 
Bridgeport,  Conn. .  .  . 

$3.06 

March 

$3.75 

Basis  current  butter  markets. 

Peoria,  Ill . 

1.75 

March 

2.80 

$1.11. 

Dubuque,  Iowa . 

1.21 

April 

1.55 

Butter  market  basis. 

Baltimore,  Md . 

2.87 

March 

3.54 

Basis  current  butter  markets. 

Boston,  Mass . 

1 . 652  f 

March 

1.91 

Basis  current  butter  markets. 

Detroit,  Mich . 

2.11 

March 

2.45 

Basis  current  butter  markets. 

St.  Paul,  Minn,  and 
Minneapolis,  Minn. . . 

1.50 

March 

1.85 

All  milk  pooled. 

Kansas  City,  Mo . 

1.95 

April 

2.50 

Basis  current  butter  markets. 

New  York,  N.  Y . 

1.84-2. 05 J 

March 

2.90 

$1.50-$  1.91  depending  upon 

Akron,  Ohio . 

1.62 

April 

2.30 

product  manufactured. 

Basis  current  butter  markets. 

Philadelphia,  Pa . 

2.874 

March 

3.09 

Basis  current  butter  markets. 

Pittsburgh,  Pa . 

2.23 

March 

2.65 

Basis  current  butter  markets. 

Milwaukee,  Wis. .  .  . 

1.75 

April 

2.50 

Based  on  butter  markets. 

Duluth,  Minn,  and 
Superior,  Wis . 

1.35 

Apr.  1-15 

1.97 

All  milk  pooled. 

*  F.O.B.  city  unless  otherwise  indicated, 
t  181—200  mile  zone. 

J  201-210  mile  zone.  A  net  price  for  April  of  $1.86 
to  part  of  the  New  York  territory. 


per  hundredweight 


is  reported  as  applying 
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COST  OF  MILK  DISTRIBUTION 


Retail  Prices  of  Special  Milk,  Cream,  and  Buttermilk  (12)  April,  1931 


Cities. 

Special 
Milk, 
per  Quart. 
Cents. 

Certified 
Milk, 
per  Quart. 
Cents. 

Light  Cream 
(18-25  per 
Cent  B.  F.), 
per  Half  Pint. 
Cents. 

Cultured 
Buttermilk, 
per  Quart. 
Cents. 

Boston . 

1G 

25 

10 

New  York . 

18 

28 

15 

Philadelphia . 

14-23 

30 

16-19 

12-15 

Pittsburgh . 

25 

16-18 

Cleveland . 

16-25 

25 

17-20 

8-11 

Chicago . 

16 

25 

15-16 

10-20 

Minneapolis . 

22 

11 

12 

St.  Louis . 

16 

25 

17 

10-18 

Washington . 

16-24 

30 

16-22 

13-14 

Jacksonville . 

20 

25 

15-25 

New  Orleans . 

18 

27 

17 

14 

Nashville . 

14 

15 

9 

Portland . 

13 

10 

San  Francisco . 

25 

20 

13 

Average  of  above  cities . 

17.70 

26.00 

16.58 

12.14 

May  Buying  Prices  for  “Standard  Grade  Milk”  3.5  Per  Cent  B.  F.  for 
Cities  Where  Part  of  the  Supply  is  Purchased  through  Country  Stations  (11) 


Cities. 


New  Haven,  Conn 
Washington,  D.  C. 

Chicago,  Ill . 

Baltimore,  Md. .  .  . 

Boston,  Mass . 

St.  Louis,  Mo.f.  . 
New  York,  N.  Y. . 
Cleveland,  Ohio.  . 
Philadelphia,  Pa. . 
Pittsburgh,  Pa. .  .  . 
Scranton,  Pa . 


Dealer’s  Buying  Prices  per 
Hundredweight  of  Raw 
Milk  (Flat  Prices  or  3.5 
Per  Cent  Butterfat  Basis). 

Freight  Zones  or  Rates 
to  Which  Country  Station 
Prices  Apply. 

F.O.B.  City. 

At  Country 
Stations. 

$3.75* 

$3.52* 

23^  rate. 

3. 26 *-3.48* 

2.74* 

23ff  rate. 

Unavailable 

2.32* 

All. 

2.84* 

2.32* 

35?f  rate. 

2.74* 

1.92* 

181-200  mile  zone  (52{f  rate) 

2.55* 

2.15* 

All. 

Unavailable 

2.90* 

201-210  mile  zone. 

2  35 *-2.40* 

1 ,90*-2. 13* 

All. 

3.09* 

2. 51 *-2.55* 

51-60  mile  zone. 

2.68* 

2.03* 

All. 

2.40 

2.10 

30<*  rate. 

*  Basic  prices  for  fluid  milk.  ^  wcre  publijshed  in  Apri,  but  later  reports 

t  Applies  to  part  of  supply  only.  '  F  O  B  city  and  $1.30  country  plants, 

indicate  that  part  of  the  April  supply  was  purchased  at  $1.00  F.O.li.  city  anu  * 

Note:  At  all  places  in  the  above  tables  where  prices  are  not  shown,  the  in  orma  ion  wa 
not  reported  or  is  not  available. 


MILK  PRICES 
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Receipts  of  Milk  and  Cream  at  New  York,  Philadelphia,  Boston,  and 
Chicago  (Metropolitan  Areas)  for  the  Month  of  April,  1931  (40-Quart 
Units)  (ll) 


Milk. 

Cream. 

State  of  Origin. 

NewYork. 

Phila¬ 

delphia. 

Boston. 

New 

York. 

Phila¬ 

delphia. 

Boston. 

Chicago. 

86 

Canada . 

85 

Connecticut.  .  .  . 

Dpi  n.wfl  rp 

18,398 

825 

281 

530 

43,488 

583 

Illinois . 

21,349 

1,027 

323 

Indiana . 

6,823 

Iowa . 

Kansas . 

28 

Kentucky . 

611 

Maine . 

55,187 

7,928 

Maryland . 

9,819 

13,841 

62,807 

1,948 

Massachusetts .  . 

52,465 

163 

84 

Michigan . 

1,004 

1,200 

200 

656 

2,039 

3,688 

Minnesota . 

563 

Missouri . 

403 

1,955 

New  Hampshire. 

65,095 

New  Jersey . 

77,465 

1,988,070 

700 

47,955 

1,763 

132,544 

1,179 

95 

5,261 

1,502 

New  York . 

47,105 

10,492 

1,652 

Ohio . 

582 

Oklahoma . 

Pennsylvania.  . 

405,907 

445,937 

18,237 

7,252 

Tennessee . 

i  hqp; 

Vermont . 

82,375 

304,663 

9,077 

24,125 

Virginia . 

2,40S 

4,978 

1,132 

336 

*7  i  K(X 

West  Virginia. .  . 

Wisconsin . 

215 

5,997 

50,467 

i  ,4:00 

Total,  Apr.,  1931 
Total,  Apr.,  1930 

2,597,485 

2,782,962 

607,573 

607,710 

524,796 

511,431 

164,271 

149,124 

33,795 

30,501 

55,458 

49,349 

80,132 

* 

Jan.-Apr.,  1931.. 
Jan.-Apr.,  1930.. 

10,457,415 

11,244,333 

2,416,134 

2,407,668 

2,031,587 

2,005,861 

585,814 

542,031 

99,507 

106,578 

181,996 

176,688 

297,714 

* 

*  Not  available. 
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DAIRYMEN’S  LEAGUE  COOPERATIVE  ASSOCIATION 
MAY  MILK  PRICES  IN  DETAIL  (13) 

prices  for  3.5  per  cent  butterfat.  Four  cents  per  100  lb.  to  be  added  for  each  one-tenth  of  1 

onLttnthbUftirfat  ab°yeK3;5*  p?r.ce!*t  for  Classes  1  and  3;  5'}  cents  per  100  lb.  to  be  added  for  each 
one-tenth  of  1  per  cent  butterfat  above  3.5  per  cent  for  Classes  2A  and  2B. 

Class  No.  1 — Milk  for  city  consumption. 

Class  No.  2A — Milk  for  cream. 

Class  No.  2B  -Milk  for  plain  condensed,  ice  cream,  etc. 

C  ass  No.  3— Milk  for  case  goods,  whole  milk  powder,  Camembcrt  and  hard  fancy  cheese. 
Class  No.  4A — Milk  for  butter.  (See  footnote.) 

Class  No.  4B — Milk  for  American  cheeses.  (See  footnote.) 


Class  1 

Freight 
Rate  per 
40-Qt.  Can. 

Class  1 

Freight 
Allowance 
per  100  Lb. 

Class  1 

Metro¬ 

politan 

Area. 

Class  1 
Elsewhere. 

Class  2 A 
(Note  1). 

Class  2B. 

8  .235 

$  .275 

$  3.255 

$  3.625 

$  2.04 

2.29 

.245 

.285 

3.245 

3.615 

2.04 

2.29 

.265 

.310 

3.22 

3.59 

2.04 

2.29 

.265 

.310 

3.22 

3.59 

2.03 

2.28 

.275 

.320 

3.21 

3.58 

2.03 

2.28 

.295 

.345 

3. 185 

3.555 

2.03 

2.28 

.305 

.365 

3.175 

3.545 

2.02 

2.27 

.320 

.370 

3.16 

3.52 

2.02 

2.27 

.330 

.385 

3.145 

3.515 

2.02 

2.27 

.330 

.385 

3.145 

3.515 

2.01 

2.26 

.340 

.395 

3.135 

3.505 

2.01 

2.26 

.355 

.415 

3.115 

3.485 

2.01 

2.26 

.360 

.420 

3.11 

3.48 

2.00 

2.25 

.370 

.430 

3. 10 

3.47 

2.00 

2.25 

.385 

.450 

3.08 

3.45 

2.00 

2.25 

.385 

.450 

3.08 

3.45 

1.99 

2.24 

.395 

.460 

3.07 

3.44 

1.99 

2.24 

.400 

.465 

3.065 

3.435 

1.99 

2.24 

.415 

.485 

3.045 

3.415 

1.98 

2.23 

.420 

.490 

3.04 

3.41 

1.98 

2.23 

.430 

.500 

3.03 

3.40 

1.98 

2.23 

.430 

.500 

3.03 

3.40 

1.97 

2.22 

.440 

.510 

3.02 

3.39 

1.97 

2.22 

.450 

.525 

3.005 

3.375 

1.97 

2.22 

.455 

.530 

3.00 

3.37 

1.96 

2.21 

.470 

.545 

2.985 

3.355 

1.96 

2,21 

.475 

.550 

2.98 

3.35 

1.96 

2.21 

.475 

.550 

2,98 

3.35 

1.95 

2.20 

.480 

.560 

2.97 

3.34 

1.95 

2.20 

.485 

.565 

2,965 

3.335 

1.95 

2.20 

.500 

.580 

2.95 

3.32 

1.94 

2.19 

.505 

.585 

2.945 

3.315 

1.94 

2.19 

.510 

.595 

2.935 

3.305 

1.94 

2.19 

.510 

.595 

2.935 

3 . 305 

1.93 

2.  18 

.515 

.600 

2.93 

3.30 

1.93 

2.18 

.530 

.615 

2.915 

3.285 

1.93 

2.18 

.535 

.620 

2.91 

3.28 

1.92 

2. 17 

.540 

.630 

2.90 

3.27 

1.92 

2. 17 

545 

.635 

2.895 

3.265 

1.92 

2.17 

.545 

.635 

2.895 

3.265 

1.91 

2. 16 

550 

.650 

2.865 

3.235 

1.90 

2 . 15 

565 

.655 

2.88 

3.25 

1.91 

2. 16 

570 

.665 

2.865 

3.235 

1.91 

2. 16 

575 

.670 

2.86 

3.23 

1.90 

2. 15 

580 

.675 

2. 855 

3.225 

1.90 

2.15 

580 

.675 

2.855 

3.225 

1.S9 

2.14 

590 

.685 

2 . 845 

3.215 

1.89 

2. 14 

595 

.690 

2.84 

3.21 

1,89 

2 .  14 

2.84 

3.21 

1.88 

2. 13 

2.84 

3.21 

1.88 

2. 13 

2.84 

3.21 

1.88 

2. 13 

2.84 

3.21 

1.87 

2. 12 

2.84 

3.21 

1.87 

2. 12 

2.84 

3.21 

1 . 87 

2. 12 

2.84 

3.21 

1.86 

2.  11 

2.84 

3.21 

1.86 

2.11 

2.84 

3.21 

1.86 

2.11 

2.84 

3.21 

1.85 

2 .  1U 

2.84 

3.21 

1 . 85 

2 . 1U 

2.84 

3,21 

1 . 85 

Miles. 


10 

20 

25 

30 

40 

50 

60 

70 

75 

80 

90 


1  to 
11  to 
21  to 
26  to 
31  to 
41  to 
51  to 
61  to 
71  to 
76  to 
81  to 
91  to  100 
101  to  110 
111  to  120 
121  to  125 
126  to  130 
131  to  140 
141  to  150 
151  to  160 
161  to  170 
171  to  175 
176  to  180 
181  to  190 
191  to  200 
201  to  210 
211  to  220 
221  to  225 
226  to  230 
231  to  240 
241  to  250 
251  to  260 
261  to  270 
271  to  275 
276  to  280 
281  to  290 
291  to  300 
301  to  310 
311  to  320 
321  to  325 
326  to  330 
331  to  340 
341  to  350 
351  to  360 
361  to  370 
371  to  375 
376  to  380 
381  to  390 
391  to  400 
401  to  410 
411  to  420 
421  to  425 
426  to  430 
431  to  440 
441  to  450 
451  to  460 
461  to  470 
471  to  475 
476  to  480 
481  to  490 
491  to  500 


Class  3. 


1.99 

1.99 

1.99 

1.99 

1.99 

1.99 

1.98 

1.98 

1.98 

1.98 

1.98 

1.98 

1.97 

1.97 

1.97 

1.97 

1.97 

1.97 

1.96 

1.96 

1.96 

1.96 

1.96 

1.96 

1.95 

1.95 

1.95 
1.95 
1.95 
1.95 
1.94 
1.94 
1.94 
1.94 
1.94 
1.94 

93 
1,93 
93 
93 

92 

93 
93 
92 
92 
92 

1.92 
92 
91 
91 
91 
91 
91 
91 
90 
90 
90 
90 
90 
1.90 


1 


tionASs'madeTohfet<hersk!m  Whisper  under  Class  3  as 

Milk  used  in  the  manufacture  of  butter  and  American  c  ccnt  milk  without  skim 


provided  in  schedule  of  prices  for  month. 


The  cTass  4A  price  for  3  per  cent  milk  without  skim 
3  per  cent  Gr.de  D  milk  in  the  SOO-aO  mile  <«  ««- 

1930,  81.941. 
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COST  ACCOUNTING  FOR  MILK  PLANTS 

There  is  no  uniform  system  of  accounting  for  milk  plants.  As 
shown  in  the  cost  figures  given,  there  is  a  great  variation  in  the  cost 
items  used  and  in  the  allocations  of  the  costs  to  different  departments. 
In  1917  the  U.  S.  Food  Administration  made  an  investigation  of  the 
cost  of  milk  distribution  and  considerable  effort  was  made  to  devise 
forms  for  collecting  the  costs.  The  form  that  was  finally  developed, 
after  consultation  with  various  accountants  and  experts,  is  shown. 

UNITED  STATES  FOOD  ADMINISTRATION 
Washington,  D.  C. 

INFORMATION  AS  TO  MILK  DISTRIBUTION 
Return  to  Milk  Committee,  United  States  Food  Administration 

No.  1.  Assets 


Insert  below,  in  accordance  with  the  general  classification  given,  your  assets  as  of 

June  30,  1917 


City. 

Country. 

Total. 

Operated  Property: 

Land . 

Buildings . 

Machinery . 

Teams,  Auto  Trucks,  etc . 

Other . 

Investments: 

Liquid  Assets . 

Intangible  Assets,  Good  Will,  etc.. 

Other  Assets  (itemize): 

. 

.....  t  , 

Total  (Per  books) . . 
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II.  Sales,  Costs,  and  Net  Earnings 
Insert,  in  so  far  as  is  practicable,  the  data  called  for  below: 


Six  Months 
Ended 

June  30,  1917. 

Month  of 
July,  1917. 

Month  of 
August,  1917. 

Total  quarts  of  milk  purchased. . . 

lotal  amount  paid  to  farmers  for  milk. 

$  . 

$.  .  . 

$ 

Net  sales,  in  quarts . 

Net  sales,  in  value . 

$ 

$ 

Country  Cost: 

Handling,  Depreciation,  etc . 

$ .  , 

$ 

$ 

Ice,  collecting  station  only . 

Freight . 

$ 

$ 

i 

Total . 

Factory  Expenses: 

Cartage,  railroad  station  to  plant . 

$ . 

$ 

$ 

Bottling  and  Pasteurization . 

Ice,  Fuel,  and  Supplies . 

Depreciation . 

Total . 

Delivery  Expenses: 

Horse  and  Wagon  Maintenance . 

$  . 

$  . 

$ . 

Auto  Truck  Maintenance . 

Drivers . 

Stable,  etc . 

Total . 

Selling,  Administration,  and  General  Expenses: 

$  . 

S . 

$ . 

T  otal . 

Total  Cost  and  Expenses . 

$ 

$  . 

s . 

$ . 

* . 

$ . 

% 

% 

% 

III .  The  depreciation  charges  included  above  for  the  six  months  ended  June  30 


1917,  comprise  the  following  detail: 


Country. 

City. 

Amount. 

Per  Cent. 

Amount. 

Per  Cent. 

Plant  Equipment: 

Refrigeration . 

Milk  Machinery . 

Power . 

Teams  and  Equipment . 

Autos  and  Equipment . 

Bottles . 

Cases . 

Cans . 

Others  (itemize) . 

$ . 

*  . 

$  . 
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IV.  Disposal  Made  of  the  Supply  of  Milk  Purchased 

f  6  months  to  June  30,  1917 

Total  quarts  of  whole,  or  market,  milk  purchased  j  July,  1917 . 

[August,  1917 . 


Insert  below  the  per  cent  (%)  of  total  purchases  for  each  price  at  which  milk 
was  sold,  for  instance: 

“29%,  11  cents,  Family.” 

“30%,  9  cents,  Restaurant.” 


Six  Months  Ended 
June  30,  1917. 

Month  of  July,  1917. 

Month  of  August,  1917. 

Per 

Cent 

of 

Total. 

Price 

at 

Which 

Sold. 

Class  of 
Trade. 

Per 

Cent 

of 

Total. 

Price 

at 

Which 

Sold. 

Class  of 
Trade. 

Per 

Cent 

of 

Total. 

Price 

at 

Which 

Sold. 

Class  of 
Trade. 

$ . 

$ . 

$ . 

Donated  as  gratis 
milk . 

Loss  or  shrinkage . . . 

Used  as  surplus  in 
cream  and  other 
by-products  as 
shown  below . 

Total . 

V.  Uses  of  Surplus  Milk 


Six  Months  Ended 
June  30,  1917. 

Month  of  July,  1917. 

Month  of  August,  1917. 

Quarts 

of 

Milk 

Used. 

Quan¬ 

tity 

Each 

Prod¬ 

uct 

Pro¬ 

duced. 

Gross 
Value  of 
Quantity 
Produced. 

Quarts 

of 

Milk 

Used. 

Quan¬ 

tity 

Each 

Prod¬ 

uct 

Pro¬ 

duced. 

Gross 
Value  of 
Quantity 
Produced. 

Quarts 

of 

Milk 

Used. 

Quan¬ 

tity 

Each 

Prod¬ 

uct 

Pro¬ 

duced. 

Gross 
Value  of 
Quantity 
Produced. 

Butter . 

Cream . 

Buttermilk . 

Skim  milk . 

Condensed  milk ... 

Milk  powder . 

Cheese . 

Total 

$ . 

S . 

$ . 

_ 

$ . 
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VI. 

Six  Months 
Ended 

June  30,  1917. 

Month  of 
July,  1917. 

Month  of 
August,  1917 

Number  of  Retail  Routes. . . . 

Average  Number  of  Quart  Points  per 
Route . 

Number  of  Wholesale  Routes . 

Average  Number  of  Quarts  per  Route. 

VII.  Per  Cent  of  Bottles  Lost 

a.  Not  returned  by  customers . 

b.  Broken  in  plant . 

VIII.  What  Means  are  Used  To — 

a.  Increase  returns  of  bottles  from  consumers . 

b.  Decrease  breakage  in  plants . 


IX.  Any  Suggestions  as  to  How  Milk  Distribution  Costs  can  be  Lowered 
or  Other  Data  or  Suggestions  for  the  Consideration  of  the  Food 
Administration 


The  foregoing  has  been  prepared  from  our  books  and  accounts  and,  in  my  opinion, 
is  correct 


By 


(Name  and  position  of  signer.) 


REFERENCES 
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There  are  outlined  herewith  a  series  of  practicums  arranged  for  use 
in  connection  with  the  various  chapters.  It  may  not  be  possible  to 
follow  these  practicums  in  their  entirety;  but  it  is  thought  that  they  will 
serve  as  suggestions  to  teachers  and  advanced  students.  If  certain 
practicums  are  not  feasible  on  account  of  local  conditions,  others  may  be 
expanded  into  two  periods,  or  new  ones  devised  to  take  their  places. 

A  number  of  the  practicums  are  inadvisable  without  the  cooperation 
or  permission  of  health  authorities,  farmers  and  milk  dealers.  Arrange¬ 
ments  should  be  made  with  such  parties  well  in  advance,  so  that  no 
difficulty  will  be  encountered. 


PRACTICUMS 

Practicum  I.  Dairy  Statistics. — An  extended  review  of  the  literature 
cited  will  be  of  interest  in  connection  with  this  chapter.  Students 
may  also  secure  information  from  their  own  and  adjacent  towns  regard¬ 
ing  the  amount  of  market  milk  used  dailyr .  From  these  data  and  popu¬ 
lation  figures,  the  per  capita  consumption  of  milk  can  be  estimated. 

Practicum  II.  Food  Value  of  Milk. — Review  the  literature  cited. 
Problems  may  be  given  the  students  involving  the  protein  and  energy 
requirements  of  individuals,  and  the  amount  of  milk  necessary  to  fulfill 
them.  Where  there  are  depots  for  the  modification  of  milk  for  infant 

feeding,  they  may  be  visited  for  the  observation  of  methods  of  modifica¬ 
tion,  delivery,  etc. 

Practicum  III.  Milk  and  Public  Health.-Bacteriological,  chemical 

and  physical  examination  of  farm  water-supplies  may  be  carried  on  in 

connection  with  other  courses.  Visits  to  certified  dairies  should  be 

made  to  observe  precautions  taken  against  spread  of  communicable 

diseases.  Students  should  particularly  note  methods  and  reports  of 

medical  examination  of  employees,  toilet  arrangements,  milk-house 
screens,  etc. 

Practicum  IV  Chemistry.-It  is  expected  that  practicums  for  this 
chapter  will  be  held  in  connection  with  chemistry  or  milk-testing  courses 
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Testing  milk  for  fat,  solids,  specific  gravity,  refraction,  etc.,  should  be 
included.  The  advanced  student  will  find  many  problems  to  study, 
connected  with  changes  in  the  chemical  composition  of  milk,  the  ratios  of 
the  component  parts,  etc. 

Practicum  V.  Bacteriology. — Practicums  in  connection  with  this 
chapter  are  given  in  bacteriological  courses.  They  cover  the  various 
methods  of  counting  and  differentiating  organisms  in  milk.  Work  may 
be  done  on  the  thermal  death  point  of  milk  organisms. 

Practicum  VI.  Clean  Milk  Production. — Several  periods  may  be 
devoted  to  clean  milk  competitions  between  the  students.  The  com¬ 
petitors,  working  singly,  may  each  use  their  best  efforts  to  produce  milk 
of  a  low  bacterial  count.  Each  student  should  be  given  perfect  freedom 
in  preparing  the  cow,  utensils,  etc.,  for  milking.  Samples  should  be 
taken  for  bacterial  analysis.  An  honor  roll  may  be  established  for  clean 
milking.  Collectively,  the  class  may  undertake  experiments  covering 
the  relative  effect  on  the  bacterial  count  of  major  dairy  operations. 

Practicum  VII.  Dairy  Laws. — Copies  of  city  and  state  dairy  laws 
should  be  secured  and  studied,  to  see  how  they  could  be  simplified. 
The  student  should  note  whether  or  not  all  essential  features  are  covered, 
and  substitute  simple  phrases  for  involved  or  indefinite  sentences. 

Practicum  VIII.  Dairy  Inspection.— This  subject  should  cover  a 
number  of  inspection  trips  to  dairy  farms.  It  is  better  to  start  with 
a  very  good  dairy,  so  that  a  high  standard  may  be  implanted  in  the 
students’  minds.  Subsequent  inspections  should  be  made  of  average 
and  poor  dairies.  The  instructor  should  demonstrate  scoring  with  the 
score-card  at  the  first  two  or  three  farms.  Afterwards,  each  student 
should  work  independently.  Scores  may  then  be  compared  and  explana¬ 
tions  made.  In  scoring,  personal  observation  should  be  made  of  all 


points  possible.  . 

Practicum  IX.  City  Inspection. — A  number  of  city  milk  plants 

should  be  inspected  and  scored  with  the  score-card.  The  same  procedure 
may  be  used  as  in  the  case  of  dairy  farms.  Both  raw  milk  and  pas¬ 
teurized  milk  should  be  scored.  Bacterial  counts  may  be  made  on  cans 
and  bottles,  by  the  system  described,  and,  if  possible,  tests  of  pasteur¬ 
izing  efficiency  should  be  carried  on.  Several  stores  may  be  v, sited  to 
observe  how  milk  is  cared  for.  Samples  of  milk  can  be  secured  and  tests 
run  for  fat,  solids,  and  sediment.  Other  tests  of  milk,  as  described,  may 

be  taught  in  this  course  or  correlated  courses. 

Practicum  X.  Scoring  Milk  and  Cream.-This  work  should  include 
several  periods  devoted  to  judging  milk  and  cream  for  flavor  and  odor 
sediment  and  appearance.  A  set  of  standard 

students  can  get  a  definite  ideal,  may  be  prepared.  Defective  samples 
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may  then  be  judged.  Special  drills  should  be  given  in  detecting  feed 
and  manurial  contaminations,  as  affecting  flavor  and  odor.  Sediment 
should  be  scored  and  described. 

Practicum  XI.  Cost  of  Milk  Production. — Data  may  be  secured 
from  neighboring  farms  or  from  the  college  dairy.  Labor  operations 
may  be  observed  and  actually  timed.  Feed  for  dairy  cows  can  be 
weighed  at  several  milkings.  The  amount  of  milk  produced  should  also 
be  noted.  Estimates  may  be  made  of  the  value  of  cows,  buildings  and 
equipment.  Tables  may  be  prepared  showing  the  feed  cost  of  the  milk 
produced.  Advanced  students  may  go  more  thoroughly  into  the 
subject,  spending  some  time  during  the  summer  in  making  more  complete 
studies. 

Practicum  XII.  Methods  of  Supplying  Consumers  with  Milk- 

Visits  may  be  made  to  both  small  and  large  towns,  and  observations 
made  on  the  methods  used  in  getting  the  milk  to  the  consumer.  Obser¬ 
vations  should  be  made  at  city  milk  plants  and  at  the  headquarters  of 
the  village  milk  dealers.  The  trip  to  the  city  milk  plants,  however, 
should  be  deferred  until  Practicums  XVI,  XVII  and  XVIII  are  taken 
up.  Observations  should  also  be  made  upon  the  method  of  paying 
for  dealer’s  milk,  and  upon  methods  of  delivery  in  the  case  of  the 
producer-dealer. 

Practicum  XIII.  Producers’  Cooperative  Milk-distributing  Organi¬ 
zations. — If  there  is  a  producers’  cooperative  milk  plant  near  by, 
it  may  be  visited  by  the  students.  Copies  of  by-laws  should  be  obtained 
if  possible  and  they,  as  well  as  the  by-laws  appearing  in  the  Appendix, 
should  be  studied  by  the  students. 

Practicum  XIV.  The  Transportation  of  Milk. — Students  should  be 
detailed  to  follow,  from  the  farm  to  the  city,  shipments  of  milk  sent 
by  truck  and  railroad.  They  should  take  temperatures  of  the  milk 
along  the  route,  note  delays  at  shipping  points,  city  terminal  and 
city  plant.  Notations  should  also  be  made  of  any  losses  that  occur 
along  the  route.  Certain  cans  should  be  selected  for  the  purpose  of 
determining  the  loss.  The  cans  of  milk  should  be  checked  with  pro¬ 
ducer’s  manifest  at  the  country,  and  notations  should  be  made  when 
they  are  put  on  the  train,  on  arrival  at  city  terminal  and  again  at  city 
plant.  The  credit  given  at  weigh  can  should  be  compared  with  quan¬ 
tity  received  by  gallon  or  measure. 

Practicum  XV.  Country  Receiving  Stations.— If  possible,  a  country 
receiving  and  cooling  station  should  be  visited  and  methods  of  operation 
noted.  Each  student  should  make  a  list  of  all  the  equipment 
Practicum  XVI.  The  City  Milk  Plant-Construction  and  Arrangement. 
A  floor  plan  for  a  one-story  plant,  to  handle  about  500  gallons  of  milk 
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daily,  should  be  drawn  by  each  student,  showing  the  location  and 
arrangement  of  machinery  and  dimensions  of  rooms.  Each  piece  of 
equipment  should  be  placed  on  the  plan.  Similar  plans  should  be 
drawn  for  a  two-story  plant  to  handle  about  2500  gallons  of  milk  daily. 
Visits  should  be  made  to  city  milk  plants  and  observations  made  as  to 
the  construction  of  buildings,  floors,  walls  and  ceilings.  Students 
should  also  note  arrangement  of  machinery,  division  of  rooms,  arrange¬ 
ments  for  receiving  milk,  loading  and  unloading  delivery  wagons.  Time 
studies  may  be  made  of  these  latter  operations. 

Practicum  XVII.  Milk  Plant  Equipment. — During  the  visits  to  the 
milk  plants  in  connection  with  Practicum  XVI,  each  student  should 
make  a  list  of  all  the  equipment  in  the  plants  and  should  write  a  report 
showing  the  use  and  the  approximate  cost  of  each  piece  of  equipment. 
Prices  may  be  obtained  from  catalogues. 

Practicum  XVIII.  Milk  Plant  Operation. — Practical  experience 
in  the  various  operations  in  a  milk  plant  should  be  obtained  at  the 
college  dairy  or  at  a  commercial  plant,  when  possible.  Experience 
should  be  had  in  such  operations  as  weighing  and  grading  milk,  balanc¬ 
ing  the  stock  for  the  day,  washing  bottles,  filling  and  capping,  check¬ 
ing  delivery  wagons  in  and  out,  etc.  Time  studies  should  be  made,  when 
possible,  of  such  operations  as  washing  bottles,  washing  cans,  filling 
and  capping,  etc.,  to  determine  the  man-hours  used  per  unit  of  production. 

Practicums  XIX  and  XX.  Pasteurization  of  Milk— Practical  expe¬ 
rience  should  be  had  in  the  operation  of  pasteurizers  of  as  many  types 
as  possible.  Students  should  make  accuracy  tests  on  continuous-flow 
holders;  and  observations  on  the  accuracy  of  automatic  compartment 
holders.  Observations  should  be  made  and  records  turned  in,  of  the 
operation  of  temperature  recorders  and  automatic  temperature  control. 
Temperatures  obtained  with  regeneration  pasteurizers,  at  entrance  and 
outlet  of  regenerater  cooler  and  of  the  pasteurizer,  should  be  observed 
and  recorded.  Practical  experience  should  be  had  in  cleaning  the  pas¬ 
teurizer  and  other  apparatus. 

Practicum  XXI.  Special  Practices. — Various  problems  in  standard¬ 
izing  should  be  presented  by  the  instructor.  The  following  aie  illus¬ 
trative  examples — (1)  How  much  30  per  cent  cream  can  be  made  from 
10  gallons  of  40  per  cent  cream  and  skim  milk?  (2)  How  much,  if  4  per 
cent  milk  is  used  instead  of  skim?  (3)  Using  40  per  cent  cream  and  25 
per  cent  cream,  show  by  diagram  the  proportions  to  use  to  made  o0  per 
cent  cream.  (4)  Same,  using  40  per  cent  cream  and  4  per  cent  milk. 

(5)  Same,  using  30  per  cent  cream  and  skim  milk. 

Student  should  observe  operation  of  clarifiers,  emulsifiers  and  homo¬ 
genizes,  and  should  make  bacterial  counts  on  milk  before  and  after 
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clarification.  If  possible,  they  should  also  observe  the  effect,  on  the 
product,  of  different  pressures  used  on  the  homogenizers. 

Practicum  XXII.  Mechanical  Refrigeration.— Observations  may 
be  made  of  the  operation  of  compressors  in  milk  plants,  noting  the  pres¬ 
sures  used,  etc. 

Practicum  XXIII.  Milk  Delivery— Practical  experience  on  a  delivery 
wagon  is  desirable,  whenever  possible.  Students  should  obtain  data 
at  city  plants  as  to  size  of  loads  carried,  number  and  kind  of  packages 
delivered;  also,  if  possible,  each  student  should  make  an  actual  study  of  a 
route,  noting  time  out,  time  wagon  is  moving,  time  standing  still,  num¬ 
ber  of  packages  delivered  per  stop,  etc. 

Observations  should  be  made  on  methods  used  in  checking  the 
driver  in  and  out,  and  on  the  method  used  by  the  driver  to  account  for 
the  goods  charged  to  him  each  day. 

Practicum  XXIV.  Cost  of  Milk  Distribution  and  Milk  Prices. — 
Students  should  make  a  careful  study  and  analysis  of  the  cost  figures 
that  are  given  in  Chapter  XXIV,  also  obtain  and  study  as  many  as 
possible  of  the  bulletins  given  under  references. 

Copies  of  the  current  issues  of  the  “  Monthly  Fluid  Milk  Market 
Report”  issued  by  the  U.  S.  Bureau  of  Agricultural  Economics,  should 
be  obtained  for  each  student.  From  these  reports  students  should 
determine  prices  per  quart  paid  by  dealer,  and  the  spreads  for  different 
cities  between  prices  paid  by  dealer  and  prices  received  from  family 
trade  and  from  stores.  The  larger  cities  should  be  listed  in  the  order 
of  highest  prices  paid  by  the  dealer,  highest  prices  received  from  family 
trade,  and  also  in  the  order  of  the  spread  between  prices  paid  by  dealer 
and  prices  received  from  family  trade. 


METHODS  AND  STANDARDS  FOR  THE  PRODUCTION  AND 
DISTRIBUTION  OF  “  CERTIFIED  MILK  ”* 


Definition.  C  citified  Milk  is  the  product  of  dairies  operated  in 
accordance  with  accepted  rules  and  regulations  formulated  by  author¬ 
ized  Medical  Milk  Commissions  to  insure  its  purity  and  adaptability 
not  alone  for  infants  but  for  children  during  the  entire  period  of  growth. 
It  also  has  special  qualifications  to  meet  the  requirements  of  the  ex¬ 
pectant  mother,  as  a  galactagogue  during  the  period  of  lactation  and 
as  a  food  for  invalids.  ’ 


Need.  The  need  for  a  purer  milk  was  experienced  primarily  by 
those  engaged  in  the  conservation  of  the  life  and  health  of  infants 
b  t*1fre  ^as  formulated  in  1892  a  plan  whereby  Certified  Milk 

would  be  produced  by  a  dairyman  under  the  control  of  a  Medical  Milk 
Commission  designated  by  a  representative  medical  society  lk 

Jane2M930.by  ^  AsS°Ciation  of  Medical  Milk  Commissions,  Inc., 
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__  ^'irst  R.ules*  The  first  rules  designed  for  this  purpose  were  those 
contained  in  an  agreement  entered  into  by  a  Medical  Milk  Commission 
and  the  dairyman  concerned.  1 

I  he  rules  contained  in  the  original  agreement  mentioned,  represented 
the  essential  requirements  for  the  production  of  Certified  Milk.  Fol- 
^  *  his  precedent,  other  Commissions  were  organized,  which,  in 
1906,  became  federated  into  a  national  association  known  as  the  Amer¬ 
ican  Association  of  Medical  Milk  Commissions,  Inc. 

Objects —A  fundamental  object  of  this  Association  was  to  bring 
about  the  uniformity  of  standards  and  their  perfection.  This  result 
has  been  approximated  by  the  adoption  from  time  to  time  of  definite 
standards  relating  to  the  veterinary  inspections  of  herds,  the  sanitary 
inspections  of  the  farms  and  their  equipment,  the  medical  inspection 
of  employees  handling  the  milk,  and  the  bacteriological  and  chemical 
examinations  as  to  quality  and  purity.  The  Association  recommends 
these  methods  and  standards  to  component  Commissions  as  ideal 
and  to  be  as  closely  approximated  as  possible. 


ORGANIZATION  OF  MEDICAL  MILK  COMMISSIONS 

A  Medical  Milk  Commission  is  appointed  by  a  representative  official 
County  Medical  Society  and  acts  under  its  auspices  and  for  it,  to 
encourage  the  production  of  milk  of  the  highest  possible  standards  of 
purity.  The  Commission  should  include  at  least  five  members  and 
become  responsible  for  the  carrying  on  of  the  following  divisions  of 
work:  (a)  the  hygiene  of  the  dairy,  as  it  relates  to  the  production 
and  distribution  of  the  milk;  ( b )  the  veterinary  supervision  of  the 
herd;  (c)  the  medical  supervision  of  the  employees;  (d)  the  chemical 
and  bacteriologocal  examinations  of  the  milk. 


DUTIES  OF  THE  COMMISSION 

After  its  organization  the  Commission  should  designate  a  sanitary 
inspector,  a  veterinarian,  a  physician  and  an  analyst  to  enforce  its 
methods  and  standards.  Any  two  of  these  positions  may  be  filled  by 
the  same  person  if  properly  qualified.  These  officers  shall  be  required 
to  render  regular  reports  of  their  inspections  and  examinations.  An 
agreement  written  or  otherwise  may  then  be  entered  into  with  any 
dairyman  who  is  desirous  of  undertaking  the  production  of  Certified 
Milk.  Upon  investigation  of  such  plant  and  upon  receipt  of  favorable 
reports  from  the  several  experts,  the  dairyman  should  be  authorized, 
in  accordance  with  the  terms  of  agreement,  to  employ  the  term  “  Cer¬ 
tified  Milk.”  Such  Commissions  shall  report  promptly  to  the  secretary 
of  the  American  Association  of  Medical  Milk  Commissions,  Inc.,  in 
order  that  no  delay  be  experienced  in  securing  approved  seals  for  the 

bottfes.  Commiggion,s  certification  shall  continue  as  long  as  its  standards 
and  requirements  are  maintained.  Ihe  Milk  C  ommission  reseives  the 
right  to  change  its  standards  within  reasonable  limits  upon  due  notice 
being  given  the  Producers  and  Distributors. 
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HYGIENE  OF  THE  DAIRY  BUILDINGS 

1.  Location  of  Buildings— Buildings  in  which  Certified  Milk  is 
produced  and  handled  shall  be  so  located  as  to  insure  proper  shelter 
and  good  drainage,  and  at  sufficient  distance  from  other  buildings, 
dusty  roads,  cultivated  and  dusty  fields,  and  all  other  possible  sources 
of  contamination;  provided,  in  the  case  of  unavoidable  proximity  to 
dusty  roads  or  fields,  suitable  arrangements  shall  be  made  to  exclude 
dust. 

2.  Surroundings  of  Buildings. — The  surroundings  of  all  buildings 
shall  be  kept  clean  and  free  from  accumulations  of  dirt,  rubbish,  decayed 
vegetable  or  animal  matter  or  animal  waste,  and  the  stable  yard  shall 
be  well  drained.  All  fly-breeding  places  shall  be  eliminated. 


MILKING  STABLES 


3.  Construction  of  Milking  Stables. — The  milking  stables  shall  be 
constructed  so  as  to  facilitate  the  prompt  and  easy  removal  of  waste 
products.  The  floors  and  platforms  shall  be  made  of  cement  or  other 
non-absorbent  material,  and  the  gutters  of  cement  only.  The  floors 
shall  be  properly  graded  and  drained,  and  the  manure  gutters  shall  be 
from  6  to  8  inches  deep  and  so  placed  in  relation  to  the  platform  that 
manure  will  usually  drop  into  them.  The  inside  surface  of  the  walls 
and  all  interior  construction  shall  be  smooth,  with  tight  joints,  and 
shall  be  capable  of  shedding  water.  The  ceiling  shall  be  of  smooth 
material  and  dust-tight.  Horizontal  and  slanting  surfaces  which  might 
harbor  dust  shall  be  avoided  as  far  as  possible.  When  cows  are  kept 
in  a  separate  stable  between  milkings,  this  stable  shall  be  so  con¬ 
structed  as  to  provide  proper  shelter.  The  floors  shall  be  kept  dry 
and  reasonably  clean. 


4.  Condition  of  Milking  Stable.— The  milking  stable  shall  be  kept 
scrupulously  clean.  Interior  walls  shall  be  light  in  color.  The  walls 
and  ceilings  shall  be  whitewashed  often  enough  to  keep  them  clean 
and  white,  at  least  twice  a  year,  unless  such  walls  and  ceiling  are  of 
smooth  cement  finish  or  painted  so  that  they  can  be  washed  frequentlv 
5  Drinking  and  Feed  Troughs.-Drinking  troughs  or  basics,  and 
feed  troughs  and  mixing  floors  shall  be  kept  in  a  clean  and  sanitary 
condition  at  all  times.  J 

6.  Stanchions.  Stanchions  shall  be  of  modern  type  and  of  sani¬ 
tary  construction  When  another  method  of  fastening  is  used  it  shall 
be  arranged  so  that  the  droppings  will  fall  for  the  most  part  into  the 

tag  and  milking1011  ^  *"  “ade  to  ^  C0WS  Ending  between  deam 

7.  Ventilation.— Cow  stables  shall  be  sufficiently  insulated  nnrl  Qic„ 
provided  with  a  workable  and  adequate  system  of  ventilation  so  thnt 
one  will  not  notice  a  stale,  disagreeable  or  strong  animal  odor  on  enter 

toVpUp^^^  each  cow' 
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of  sunshine,  4  square  feet  of  window  area  to  each  600  cubic  feet  of  air 
space  to  represent  the  minimum.  Windows  shall  be  kept  free  from  dust 
and  dirt. 

9.  Exclusion  of  Rats  and  Other  Vermin. — All  necessary  measures 
should  be  taken  to  prevent  the  entrance  of  rats  and  other  vermin  into 
stables  and  dairy  buildings,  and  proper  methods  adopted  for  their 
destruction  if  they  gain  access. 

10.  Extermination  of  Flies  and  Other  Insects. — In  addition  to  the 
elimination  of  fly-breeding  places  as  provided  in  paragraph  2,  the  fre¬ 
quent  extermination  of  flies  and  other  insects  in  milking  stables  shall 
be  accomplished  by  spraying  or  equally  effective  methods. 

11.  Visitors. — V  isitors  shall  be  so  conducted  through  the  stables 
and  dairy  buildings  as  to  eliminate  opportunities  for  contaminating 
the  milk  and  shall  be  excluded  from  all  rooms  in  the  dairy  building 
where  milk,  sterilized  bottles  or  equipment  is  exposed.  Children  shall 
not  be  allowed  in  the  dairy  building  nor  in  the  stable  during  milking. 


MILK-RECEIVING  ROOM 

12.  Milk-Receiving  Room. — The  milk-receiving  room  shall  be  held 
to  mean  any  room  or  building  established  at  or  near  the  milking  stables 
and  used  for  the  purposes  of  a  central  collecting  room  for  milk  as  brought 
from  the  stables.  Such  room  shall  be  provided  and  shall  conform  to 
the  same  rules  as  to  construction,  maintenance  and  cleanliness  as 
applies  to  the  milk-bottling  room  in  the  bottling  plant,  and  shall  not  be 
directly  connected  with  the  stable. 

In  each  receiving  room  or  adjacent  room,  running  water  or  water 
with  foot  or  arm  controlled  faucets,  soap  (preferably  liquid)  and  indi¬ 
vidual  (preferably  paper)  towels  shall  be  provided  for  the  use  of  milkers. 


DAIRY  BUILDING  AND  EQUIPMENT 

13.  Dairy  Building. — A  dairy  building  shall  be  provided  which  shall 
not  directly  communicate  with  the  stables  or  dwelling.  There  shall 
be  no  open  manure  storage  or  other  source  of  contamination  at  a  higher 
level  or  within  600  feet  of  it.  The  building  shall  contain  separate  rooms 
(suitably  equipped)  for  handling  and  bottling  Certified  Milk  or  products 
made  therefrom  and  for  washing  and  sterilizing  the  utensils  and  bottles, 
together  with  a  separate  boiler  room.  Necessary  cooling  facilities  with 
proper  mixing  tanks  shall  be  provided.  The  walls  and  ceilings  o  t  le 
dairy  building  shall  be  constructed  of  nonabsorbent  material.  It  shall 
be  kept  clean  and  shall  not  be  used  for  purposes  other  than  the  han¬ 
dling  and  storing  of  Certified  Milk  and  its  products  and  milk  utensils. 
It  shall  be  provided  with  light  and  ventilation,  and  the  floors  shall  be 
of  concrete  or  any  other  impervious  material  properly  graded  and 

water-Ught.  bufl  shaU  be  well  lighted  and  properly  screened,  and 

drained  through  well-trapped  pipes.  No  animals  shall  bo  a  lowed 
therein.  No  part  of  the  dairy  building  shall  be  used  for  dwelling  or 
lodging  purposes,  and  the  bottling  room  shall  be  used  for  no  other  pur 
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pose  than  to  provide  a  place  for  clean  milk  utensils  and  for  handling  the 
milk  During  the  bottling  this  room  shall  be  entered  only  by  persons 
employed  therein  or  official  inspectors.  The  bottling  room  shall  be  kept 
scrupulously  clean  and  free  from  odors.  Adequate  lavatory  facilities 
shall  be  provided.  Any  water  closets  or  urmals  m  this  building  shall 
be  of  approved  sanitary  design  and  installation  and  shall  not  com¬ 
municate  directlv  with  the  milk  handling  rooms  Water  closets  or 
urinals  shall  be  kept  scrupulously  clean  and  shall  be  provided  with 

lavatory  facilities.  .. 

14.  Utensils. — All  utensils  shall  be  constructed  so  as  to  be  easily 

cleaned,  the  milk  pails  shall  preferably  have  an  elliptical  opening  5  by 
7  inches  in  diameter.  The  top  of  the  pail  should  be  so  convex  as  to  make 
the  entire  interior  visible  and  accessible  for  cleaning.  Pails  shall  be  of 
heavy  tin  plate,  or  other  chemically  inert  metal  with  all  seams  made 
flush.  All  utensils  used  in  handling  milk  shall  be  kept  in  good  repair 
and  as  free  as  possible  from  rust. 

15.  Cleaning  and  Sterilizing  of  Bottles  and  Utensils.— The  dairy 
building  shall  be  provided  with  approved  apparatus  for  cleansing  and 
sterilizing  all  bottles  and  utensils  used  in  milk  production.  Thermome¬ 
ters  shall  be  used  on  all  sterilizers  to  record  or  indicate  temperatures 
and  such  thermometers  shall  be  checked  at  least  once  a  week  by  a 
standard  tested  thermometer  and  record  of  such  checking  shall  be 
kept  on  file  at  the  farm  for  a  period  of  at  least  six  months.  All  bottles 
and  utensils  shall  be  thoroughly  cleaned  by  hot  water  and  a  strong 
solution  of  salsoda  or  an  equally  effective  cleansing  agent,  rinsed  until 
the  cleaning  water  is  thoroughly  removed,  then  sterilized  by  steam, 
dry  heat,  boiling  water  or  any  other  approved  method  and  kept  inverted 
in  a  place  free  from  dust  and  other  contaminating  materials  until  used. 
By  any  method  used,  the  final  test  of  sterility  and  cleanliness  shall  be 
freedom  from  bacteria,  chemical  re-agents  and  any  other  foreign  matter. 

16.  Milking  Machines. — Milking  machines  shall  be  rinsed  with 
clean,  cold  water  immediately  after  use.  They  shall  be  so  dismantled 
that  all  parts  may  be  thoroughly  cleaned,  then  rinsed  with  clean  hot 
water,  steam  or  other  satisfactory  method.  (When  chemical  sterili¬ 
zation  is  used,  machine  shall  be  thoroughly  rinsed  with  sterile  water 
just  before  use.)  All  rubber  parts  shall  be  maintained  in  serviceably 
sound  condition. 

17.  Water  Supply.  The  entire  water  supply  shall  be  absolutely 
free  from  contamination,  and  shall  be  sufficient  for  all  dairy  purposes. 
It  shall  be  protected  against  flood  or  surface  drainage.  The  purity 
of  each  source  of  supply  shall  be  checked  by  bacteriological  examina¬ 
tion  according  to  standard  methods  at  equal  intervals  at  least  three 
times  a  year  and  as  often  in  addition  as  conditions  indicate  it  to  be 
necessary  and  a  record  of  such  examinations  be  filed  at  the  farm  for  a 
period  of  one  year.  When  the  water  supply  is  obtained  from  munic¬ 
ipal  supply  the  records  of  the  municipality  or  state  may  be  accepted 
in  lieu  of  above.  Samples  for  such  examinations  shall  be  collected  at 

S°U  +CC  i  lf  -?n  the  and  after  PassaSe  of  the  water  through 

storage  tanks,  if  any  A  chemical  analysis  shall  be  made  annually. 

flni8i,NUTniievS‘~??0  P?Vy  0r  water  closet  other  than  of  the  modern 
flush  type  shall  be  allowed  on  a  certified  dairy. 
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HERD  MANAGEMENT  AND  STABLE  PRACTICES 


MUreS  °r  E|XenC!Smg  ^a(Oocks. — Pastures  or  exercising  pad- 
docks  for  the  cows  shall  be  provided.  They  must  be  sufficiently  dis- 
tant  from  all  offensive  conditions  to  suffer  no  bad  effects  from  them 

affect  the  mllk  deletenVmSy!  60110113  ^  and  pkntS  which  might 

20.  Exclusion  of  Animals  from  the  Herd.— No  horses,  hogs,  dogs, 
or  other  animals  or  fowls  shall  be  allowed  to  come  in  contact  with  the 
Certified  herd.  All  cows  kept  in  the  same  barn  with  the  milking  cows 
shall  receive  the  same  supervision  and  care.  Three-teated  cows  shall 
be  excluded  from  the  Certified  herd. 


21.  Bedding.  No  moldy  hay  or  straw,  bedding  from  horse  stalls 
or  other  unclean  materials  shall  be  used  for  bedding  the  cows.  Only 
bedding  which  is  clean,  dry,  absorbent,  and  reasonably  free  from  dust 
may  be  used. 


22.  Cleaning  the  Milk  Stable  and  Disposal  of  Manure.— Soiled 
bedding  and  manure  shall  be  removed  from  the  milking  stable  at  least 
twice  daily,  and  the  floors  shall  be  swept  and  kept  free  from  refuse. 
Such  cleaning  shall  be  done  not  less  than  one  hour  before  the  milking 
time.  Manure,  when  removed  from  the  stable,  should  be  hauled 
directly  to  the  field. 

23.  Clipping. — Long  hairs  shall  be  clipped  from  the  udder  and  flanks 
of  the  cow,  and  from  the  tail  above  the  switch.  The  switch  should 
be  cut  to  clear  the  ground  or  platform  by  at  least  four  inches.  If  this 
is  not  desirable  with  pure-bred  animals  then  the  switch  shall  be  washed 
often  enough  to  keep  it  clean  and  shall  be  brushed  thoroughly  before 
each  milking. 

24.  Cleaning  of  Cows. — Each  cow  in  the  milking  stable  shall  be  care¬ 
fully  groomed  before  each  milking,  all  dry  or  wet  manure,  mud,  or 
other  dirt  being  removed.  The  dry  material  shall  be  loosened  with  a 
curry  comb  and  thoroughly  brushed  out  with  a  stiff  brush,  and  the 
wet  material  remaining  after  brushing  shall  be  washed  off  with  a  clean 
cloth  and  clean  water.  The  brushing  shall  be  completed  a  half  hour 
before  milking.  Special  attention  shall  be  given  to  the  udder  and 
flanks.  After  the  udders  are  brushed  clean  they  shall  be  wiped  with  a 
clean,  damp  cloth,  or  they  may  be  washed.  If  washed,  they  should  be 
wiped  with  a  dry  clean  cloth.  It  is  recommended  that  a  freshly 
washed  individual  towel  or  the  fresh  surface  of  a  folded  towel  be  used 


for  each  cow. 

25.  Feeding.— All  foodstuffs  shall  be  kept  in  an  apartment  separate 
from  the  cow  stable.  They  shall  be  brought  into  the  stable  only  imme¬ 
diately  before  the  feeding  hour,  which  shall  follow  milking.  Only  those 
foods  shall  be  used  which  consist  of  clean,  palatable,  and  nutritious 
materials,  such  as  will  not  injure  the  health  of  the  cows  or  unfavorably 
affect  the  taste  or  character  of  the  milk.  No  dirty  or  moldy  food,  or 
food  in  a  state  of  decomposition  or  putrefaction  shall  be  fed.  A  well- 
balanced  ration  shall  be  used,  adequate  in  vitamin  and  mineral  content, 
and  all  changes  of  food  shall  be  made  slowly.  4  he  first  few  feedings  o 
grass,  alfalfa,  ensilage,  green  corn,  or  other  green  feeds  shall  be  given 
in  small  rations  and  increased  gradually  to  full  ration. 


VETERINARY  SUPERVISION  OF  THE  HERD 
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26  Exercise.— It  is  recommended  that  all  dairy  cows  be  turned  out 
for  exercise  at  least  2  hours  in  each  24  in  suitable  weather. 

27  Inspection. — An  inspection  of  the  hygiene  of  a  dairy  shall  be 
made* at  least  once  a  month  by  the  designated  representative  of  the 
Milk  Commission. 


VETERINARY  SUPERVISION  OF  THE  HERD 

28.  Tuberculin  Tests. — When  application  is  made  for  the  certifica- 
tion  of  the  milk  of  a  herd,  a  tuberculin  test  of  the  herd  shall  be  made 
and  if  any  of  the  animals  react,  a  second  test  shall  be  made  within  60 
to  90  days.  Thereafter,  the  herd  shall  be  tested  semi-annually.  If  no 
reactions  are  found  on  the  first  test,  the  second  test  shall  follow  in  six 
months.  If  the  entire  herd  has  been  subjected  to  a  tuberculin  test  within 
60  days  prior  to  the  receipt  of  the  application,  this  may,  if  satisfactory, 
be  accepted  as  the  primary  test. 

29.  Methods  of  Application. — The  subcutaneous  and  intradermal 
methods  of  applying  the  tuberculin  test  shall  be  used  alternately  in 
the  tests  prescribed  in  paragraph  28.  The  ophthalmic  method  shall 
be  used  as  an  adjunct  to  whatever  method  is  used  on  the  60-90-day 
test  and  it  is  recommended  that  this  method  be  used  in  conjunction 
with  the  subcutaneous  or  intradermal  methods  on  all  tests.  Each 
animal  shall  be  subjected  to  a  physical  examination  when  tuberculin 
tested.  When  the  subcutaneous  method  is  used  all  animals  in 
the  herd  shall  be  included  in  each  herd  test  except  calves  under  6 
months  of  age  and  animals  over  this  age  which  have  been  tuberculin 
tested  within  60  days,  and  when  the  intradermal  method  is  used  all 
shall  be  included  except  animals  which  have  been  tested  within  60  days. 
The  latter  shall  be  tested  60  to  90  days  after  the  previous  test  if  con¬ 
ditions  require  it.  No  new  animals  shall  be  brought  on  the  farm  with¬ 
out  first  having  passed  a  satisfactory  physical  examination  and  tuber¬ 
culin  test  within  60  days,  and,  unless  from  a  herd  with  less  than  2.0 
per  cent  of  reactors  to  the  last  previous  annual  or  semi-annual  test, 
they  shall  be  kept  segregated  from  the  herd  until  they  pass  a  second 
satisfactory  examination  and  test  60  to  90  days  later.  All  tests  shall 
be  made  by  a  veterinarian  approved  by  the  Commission  and  shall  be 
applied  in  accordance  with  the  technic  approved  by  the  U.  S.  Bureau 
of  Animal  Industry  or  the  State  Livestock  Sanitary  authorities 

30.  Alternate  Method  for  State  and  Federal  Control.— All  herds 
producing  Certified  milk  not  tested  according  to  the  requirements  laid 
down  in  paragraphs  28  and  29  shall  operate  under  the  accredited  herd 
plan  for  the  control  and  eradication  of  bovine  tuberculosis  and  tests 
sha  be  conducted  accordingly,  provided  that  all  additions  to  the  herd 
s  all  be  tuberculin  tested  at  the  time  of  purchase  unless  such  animals 
originate  from  fully  accredited  herds.  All  additions  shall  be  kepi 

gregated  fiom  the  herd  until  they  pass  a  satisfactory  re-test  60  or 

?nhlaySi  test%  ln  Case  additions  are  made  to  the  herd 

tuberculin  tests  shall  be  applied  to  the  entire  herd  every  six  months  ’ 

The  dates  of  all  herd  tests  shall  be  definitelv  arrant rod 
ment  between  the  Milk  Commission  and  supervising  officials  3 
complete  record  of  all  tests  shall  be  made  by  Ure  v^lr.afrian  mTklng 
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the  same  and  promptly  reported  by  him  to  the  Secretary  of  the  Com¬ 
mission.  These  records  shall  be  kept  on  file  and  a  summary  of  all  such 
tests  shall  be  made  available  to  the  American  Association  of  Medical 
Milk  Commissions  for  statistical  purposes. 

31.  Removal  of  Reactors. — All  reactors  shall  be  removed  from  the 
herd  immediately  after  discovery  and  the  milk  shall  be  discarded,  and 
the  stables  and  exercise  yards  used  by  them  shall  be  cleaned  and  disin¬ 
fected  in  a  manner  approved  by  the  Commission. 

32.  Control  of  Brucella  Infections. — It  is  required  that  elimination 
of  Bang  abortion  disease  be  actively  prosecuted  to  the  end  that  this 
disease  be  eradicated  as  early  as  possible  from  Certified  herds. 

a.  No  animal  shall  be  used  in  the  production  of  Certified  Milk 

that  shows  positive  evidence  of  infection  with  Brucella 
organisms. 

b.  Herds  shall  be  under  the  supervision  of  such  agencies  as  shall 

be  acceptable  to  the  State  Live  Stock  Sanitary  Authori¬ 
ties  and  to  the  local  Milk  Commission. 


33.  Identification  of  Cows. — Each  dairy  cow  in  each  certified  herd 
shall  be  ear-tagged  or  ear-marked  with  a  number  which  will  permanently 
identify  her.  Provision  shall  be  made  for  the  replacement  of  lost  ear- 
tags. 

34.  Herd  Record. — Each  cow  in  the  herd  shall  be  registered  in  a 


herd  record,  which  record  shall  be  accurately  kept  so  that  her  entrance 
and  departure  from  the  herd  and  her  tuberculin  testing  can  be  iden¬ 
tified.  This  record  may  contain  other  information  useful  to  the  owner 
or  manager.  This  record  shall  be  accessible  to  the  Milk  Commission 
or  its  representative  and  the  producer  shall  be  responsible  for  its 
accuracy. 

35.  Disposition  of  Cows  Sick  with  Diseases  Other  than  Tuber¬ 
culosis— No  cow  known  or  suspected  to  be  diseased  shall  be  permitted 
to  remain  in  the  milking  herd.  Any  cow  showing  signs  of  disease,  or 
under  suspicion  of  being  diseased,  shall  be  immediately  removed  from 
the  milking  stable  to  a  separate  compartment  or  building  provided  tor 
such  animals  and  the  milk  shall  not  be  used.  Any  cow  affected  with 
mastitis  (garget)  shall  be  removed  from  the  milking  herd,  even  if  only 
one  quarter  of  the  udder  is  affected,  and  none  of  the  milk  from  any 
of  the  quarters  shall  be  used.  No  cow  separated  on  account  of  disease 
shall  be  returned  to  the  milking  herd  without  the  approval  of  the 

38.  Milking  and  Calving  Period. — Milk  from  all  cows  shall  be 
excluded  for  a  period  of  45  days  before  and  7  days  after  parturition. 
Cows  shall  not  be  permitted  to  calve  in  the  milking  stable  and  sha 
not  be  returned  to  said  stable  while  the  uterine  discharges  are  putrid 
or  purulent  and  under  no  condition  before  the  seventh  day  following 

P  U 37  '  Notification  of  Veterinary  Inspector.— In  the  event  of  the  occur¬ 
rence  of  fhsease  which  appears  to  be  of  a  serious  character  between 

the  veterinary  inspector  by  telegraph  or  telephone  immediate  y. 
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38.  Inspections. — A  veterinary  inspection  of  the  health  of  the  herd 
shall  be  made  at  intervals  of  not  more  than  one  month.  Each  cow  in 
milk  shall  be  subjected  to  a  careful  physical  examination  at  least  once 
each  month,  giving  special  attention  to  the  udder  and  external  genitals. 


EMPLOYEES 

39.  Washing  of  Hands. — Adequate  and  conveniently  located  facili¬ 
ties  shall  be  provided  for  the  milkers.  The  hands  of  ti  e  milkers  shall 
be  thoroughly  washed  and  scrubbed,  using  soap  (preferably  liquid), 
warm  water  and  brush,  and  carefully  dried  on  a  clean  towel  immedi¬ 
ately  before  milking.  When  hand  milking  is  emplojmd,  the  hands  of 
the  milkers  shall  be  rinsed  with  clean  running  water  and  carefully  dried 
before  milking  each  cow.  The  practice  of  moistening  the  hands  with 
milk  is  forbidden. 

40.  Employees’  Clothing. — Milkers  and  other  persons  handling  the 
milk  shall  wear  clean  white  suits  and  caps  that  shall  be  worn  for  no 
other  purpose.  They  shall  use  not  less  than  three  freshly  laundered 
suits  and  caps  each  week,  and  these  when  not  in  use  shall  be  kept  in  a 
clean  place,  protected  from  dust  and  dirt. 

41.  — Things  to  be  Avoided  by  Milkers. — While  engaged  about  the 
dairy  or  in  handling  the  milk,  employees  shall  not  use  tobacco  or  intoxi¬ 
cating  liquors.  They  shall  keep  their  fingers  away  from  nose  and 
mouth,  and  no  milker  shall  permit  his  hands,  fingers,  or  mouth  to  come 
in  contact  with  milk  intended  for  sale.  During  milking,  the  milkers 
shall  be  careful  not  to  touch  anything  but  the  clean  top  of  the  milking 
stool,  the  milk  pail  and  the  cow’s  teats.  Milkers  are  forbidden  to  spit 
upon  the  floors  and  walls  of  the  stables,  or  upon  the  floor  and  walls  of 
the  milk  house,  or  into  the  water  used  for  cooling  or  cleansing  purposes. 
These  precautions  are  necessary  to  avoid  the  possibility  of  any  disease- 
producing  bacteria  getting  into  the  milk. 

...  42*  Toilet  Rooms.  Toilet  facilities  for  the  milkers  and  others  han¬ 
dling  milk  shall  be  provided  and  unless  of  the  sanitary  flush  type  shall 
be  located  outside  of  the  stable  or  milk  house.  Flush  closets  shall  not 
be  in  proximity  to  the  bottling  room  or  receiving  room.  All  toilets  shall 
be  properly  screened,  shall  be  kept  clean,  and  shall  be  accessible  to 
wash  basins  water,  nail  brush,  soap  and  clean  individual  towels 
Employees  shall  be  required  to  wash  and  dry  their  hands  immediately 
aftei  leaving  the  toilet  room.  Sanitary  drinking  fountains  or  indi¬ 
vidual  drinking  cups  for  the  employees  should  be  installed  in  con¬ 
venient  locations  both  in  the  stables  and  dairy  houses. 

MILKING,  HANDLING,  TRANSPORTATION 
Such  milk  shdlbe  ndlM^ 

collected  in  2 

gutters.  If  milk  from  any  cow  is  bToodv  strTJ  o.  0rS  °r  lnt0  the 
removed  from’'  the°milking  herd  and  shall 
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the  milk  shall  be  discarded  and  the  pail  washed  and  sterilized  before 
it  is  used  again.  I  he  pails  shall  be  protected  from  extraneous  con¬ 
tamination.  The  milking  shall  be  done  rapidly  and  quietly  and  the 
cows  shall  be  treated  kindly.  Promptly  after  the  milk  is  drawn  it  shall 
be  removed  from  the  stable  and  strained  through  strainers  made  of 
double  layers  of  finely  meshed  cheesecloth  or  absorbent  cotton  or  other 
approved  material,  thoroughly  sterilized.  Several  strainers  shall  be 
provided  for  each  milking  in  order  that  they  may  be  frequently  changed. 

44.  Temperature  of  Milk. — Proper  cooling  to  reduce  the  tempera¬ 
ture  below  50°  F.  shall  be  used.  Coolers  shall  be  so  situated  that  they 
can  be  protected  from  flies,  dust,  and  odors.  The  milk  shall  be  cooled 
immediately  after  being  milked,  and  maintained  at  a  temperature 
above  freezing  and  below  50°  F.  until  delivered  to  the  consumer. 

45.  Capping  and  Sealing  Bottles. — Certified  Milk  is  to  be  bottled 
and  sealed  upon  the  farm  where  it  is  produced.  Milk,  after  being 
cooled  and  bottled,  shall  be  immediately  capped  and  sealed  in  a  man¬ 
ner  satisfactory  to  the  Commission.  The  inner  cap  shall  be  applied 
only  by  a  suitable  capping  machine.  The  seal  shall  include  a  sterile 
hood  which  completely  covers  the  lip  of  the  bottle  which  cannot  be  used 
a  second  time  for  sealing  the  bottle  and  shall  be  marked  on  the  exposed 
surface  with  the  approved  copyrighted  design  and  color  of  the  Ameri¬ 
can  Association  of  Medical  Milk  Commissions,  Inc.,  the  name  of  the 
Commission,  the  name  of  the  farm  and  such  other  information  as  state 
or  local  health  authorities  may  require.  Certified  Milk  may  be  trans¬ 
ported  and  delivered  in  cans  properly  sealed  and  marked,  to  hospitals 
and  other  institutions  under  Medical  supervision. 

46.  Transportation. — In  transit  the  milk  packages  shall  be  kept 
reasonably  free  from  dust  and  dirt.  The  wagons,  trays,  and  crates 
shall  be  kept  clean. 

47.  Delivery  Limit.— The  milkings  of  any  consecutive  twenty-four- 
hour  period  shall  constitute  a  day’s  product.  Certified  milk  shall  be 
delivered  to  the  consumer  in  the  shortest  possible  time  after  produc¬ 
tion  as  determined  by  each  individual  Milk  Commission  with  a  time 
limit  of  thirty  hours  from  the  time  of  the  latest  milking 


DISTRIBUTORS 

48.  New  or  Clean  Bottles.— Distributors  must  furnish  a  sufficient 
number  of  new  or  clean  washed  bottles  to  cover  all  shipments  of  Cer¬ 
tified  milk,  unless  local  conditions  make  it  more  desirable  that  bottles 

be  furnished  by  the  producer.  , 

49.  Covered  Boxes— Distributors  must  furnish  covered  boxes  tor 
shipping  Certified  milk,  unless  local  conditions  make  it  more  desirable 

tha6a°Contonin™edeBo«es.^No  bottles  shall  be  collected  from  a 
house  in  which  communicable  disease  exists  except  under  conditions 

Pr%TTL%laL“i:t"\andh„g  Certified  Milk mjjrtkegp 

a- 

bottles  shall  be  well  packed  in  ice  in  warm  weather,  and  not  allowed 
to  freeze  in  cold  weather. 
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METHODS  AND  REGULATIONS  FOR  THE  MEDICAL  EXAMINATION 

OF  EMPLOYEES,  THEIR  HEALTH  AND  PERSONAL  HYGIENE 

52.  Medical  Officer. — A  medical  officer,  known  as  the  attending 
dairy  physician,  shall  be  selected  by  the  Commission,  who  should  reside 
near  the  dairy  producing  Certified  Milk.  He  shall  be  a  physician  in 
good  standing  and  authorized  by  law  to  practice  medicine;  he  shall 
be  responsible  to  the  Commission  and  subject  to  its  direction.  In  case 
more  than  one  dairy  is  under  the  control  of  the  Commission  and  they 
are  in  different  localities,  a  separate  physician  should  be  designated 
for  the  supervision  of  each  dairy. 

53.  New  Employees. — Every  new  employee  for  milking  or  handling 
milk  or  to  be  regularly  employed  on  the  farm  shall  be  examined  by 
the  Medical  Examiner  before  assuming  his  duties,  except  in  cases  of 
most  extreme  emergency,  and  all  necessary  laboratory  tests  shall  be 
made  when  such  are  indicated.  Health  certificate  covering  each  new 
employee  shall  be  kept  on  file  at  the  farm.  Throat  and  nasal  cultures 
of  all  new  employees  shall  be  made  according  to  approved  methods. 

54.  Protection  against  Enteric  Fevers  as  a  Group. — Each  employee 
before  assuming  duties  in  which  there  may  be  any  possibility  of  con¬ 
taminating  the  milk  shall  have  the  following  examinations: 

а.  History  of  enteric  fevers. 

б.  Urine  and  feces  cultures  for  organisms  of  typhoid,  para¬ 

typhoid,  and  the  dysenteries. 

c.  Widal  agglutination  tests. 


If  these  examinations  disclose  no  reasons  to  the  contrary,  the 
employee  may  be  allowed  to  work. 

It  is  the  duty  of  the  attending  physician  to  have  cultural  examina¬ 
tions  of  feces  and  urine  made  whenever  there  is  any  clinical  indication 
of  enteiic  disease  and  to  see  that  fresh  and  reliable  specimens  are  fur¬ 
nished  to  the  laboratory. 

At  the  expiration  of  six  months  each  old  employee  shall  have 
repeated  the  ieces  and  urine  cultures  specified  above. 

These  examinations  shall  be  conducted  by  laboratories  and  physi- 
dans  appointed  and  approved  by  the  Commission.  Complete  rec¬ 
ords  shall  be  kept  and  filed  with  the  Commission. 

55.  Medical  Inspection.— The  physician  shall  visit  the  farm,  dor- 
mitories  and  boarding  house  weekly  and  examine  all  those  who  milk 

in  -and  a  the  re§ular  farm  employees  and  shall  report 

_  the  Milk  Commission  upon  blank  forms  supplied  for  that  purpose 
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immediately  removed  from  the  farm  or  properly  isolated  and  the  Milk 
Commission  notified.  Satisfactory  evidence  of  successful  vaccination 
against  small  pox  within  seven  years  shall  be  presented  before  employ¬ 
ment.  In  case  of  an  epidemic  at  or  near  a  farm  all  employees  shall  be 
vaccinated. 

57.  Record  of  Employees. — A  record  shall  be  kept  on  the  dairy 
premises  of  each  employee  which  shall  show  his  name  and  address, 
date  of  employment,  his  medical  history,  results  of  physical  examina¬ 
tion  by  physician,  and  the  results  of  any  examinations  of  cultures  and 
other  laboratory  tests. 

The  physician  shall  check  this  record  against  the  time  book  or  time 
record. 

58.  Dormitories. — When  employees  live  upon  the  premises  their 
dormitories  shall  be  constructed  and  operated  according  to  plans 
approved  by  the  Commission.  Sufficient  and  modern  bathing  and 
toilet  facilities  shall  be  provided  for  all  dairy  employees. 


STANDARDS 

59.  Certified  Milk. — Certified  Milk  must  be  pure,  clean,  fresh, 
wholesome  cow’s  milk  in  its  natural  state,  not  having  been  heated  and 
without  the  addition  of  coloring  matter  or  preservatives.  Nothing 
must  be  added  to  the  milk,  and  nothing  taken  away. 

Milk  which  has  been  pasteurized  shall  not  be  sold  under  the  copy¬ 
righted  design  and  color  of  the  American  Association  of  Medical  Milk 
Commissions — Incorporated. 

60.  Examinations. — Examinations  of  milk  are  to  be  made  with 
frequency  and  at  the  option  of  the  Alilk  Commission  according  to  the 
season  and  condition  of  the  milk,  and  at  least  once  a  week.  All  sam¬ 
ples  required  for  examination  shall  be  furnished  by  the  Distributors 
and  collected  at  the  discretion  of  the  Milk  Commission.  Reports 
upon  examinations  should  be  sent  to  the  Producers  and  Distributors. 

61  Collection  of  Samples.— The  samples  to  be  examined  shall  be 
obtained  from  milk  as  offered  for  sale.  The  samples  shall  be  received 
in  the  original  packages,  in  properly  iced  containers,  and  they  shall 
be  so  kept  until  examined,  so  as  to  limit  as  far  as  possible  changes  in 

their  bacterial  content.  -m  nnn 

62.  Bacterial  Counts.-Certified  Milk  shall  contain  not  over  10  000 

bacteria  per  cubic  centimeter.  In  case  a  count  exceeding  10,00  u 
teria  per^cubic  centimeter  is  found,  daily  counts  shall  be  made  and  if 
normal founts  are  not  restored  within  10  days  the  certification  may  be 
suspended  Bacterial  examinations  shall  be  made  as  soon  as  possible 
after  collection  and  in  no  case  shall  the  interval  be  over  four  hours^ 
Immediately  after  the  plates  have  been  prepared  the  temperature  may 

bG  Examinations— The  methods  and  technique  used  in 

^  Jthods  outlined  below' 
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It  is  recommended  that  each  cow  should  have  her  milk  cultured 
before  addition  to  the  Certified  herd  for  the  presence  of  Streptococcus 
epidermicus  and  B.  coli. 


Examination  for  Streptococcus  Epidemicus  (Davis). — Samples  of  milk  should 
be  from  individual  cows,  groups  of  about  ten  cows,  or  from  the  bottled  milk.  The 
examination  should  be  made  at  least  once  a  month.  These  samples  should  be 
diluted  1  to  20  with  sterile  Isotonic  salt  solution  and  plated  in  blood  agar.  The 
agar  should  be  made  from  veal  and  should  have  a  pH  about  7.4.  It  should  be  used 
in  measured  amounts  of  10  cc.  to  which  0.7  cc.  of  defibrinated  horse  blood  should  be 
added.  The  lower  half  of  the  Petri  dishes  should  be  10  cm.  in  diameter  in  order  to 
give  a  film  of  definite  thickness.  The  temperature  of  incubation  should  be  37 
degrees  C.  These  plates  should  be  examined  at  the  end  of  24  and  48  hours  for  col¬ 
onies  of  Streptococcus  epidemicus  (Davis).  Colonies  of  this  streptococcus  have  the 
following  characters:  After  18  to  24  hours  of  incubation,  they  appear  as  typical 
beta  colonies  with  a  wide  area  of  hemolysis.  The  colonies  proper  are  very  large  for 
streptococci.  The  deep  colonies  average  from  0.7  to  0.8  mm.  in  diameter  and  are 
dense.  They  are  surrounded  by  a  clear  area  that  varies  in  average  diameter  from 
2.5  to  3.00  mm.  After  48  hours’  incubation  the  colonies  are  larger,  that  is,  1  to  1.1 
mm.  and  the  hemolytic  areas  especially  so,  i.e.,  from  4.3  to  4.8  mm.  The  surface 
colonies  which  ordinarily  are  not  of  much  significance  in  streptococcus  work  are 
in  this  organism  quite  characteristic.  They  are  large,  spreading  and  moist.  Cap¬ 
sules  should  be  sought  for  by  the  moist  India  ink  method  in  material  from  young 
moist  surface  colonies.  Conspicuous  colonies  should  be  picked  into  veal  broth  with 
a  pH  of  7.4  to  which  has  been  added  aseptically  two  drops  of  horse  or  rabbit  blood 
serum  and  incubated  8  to  12  hours.  A  gram  stain  should  be  made  from  the  broth. 
Should  a  capsulated  streptococcus  be  found  it  is  probably  Streptococcus  epidemicus. 
If  found  in  the  milk  of  a  single  cow  she  should  be  removed  from  the  herd  immedi¬ 
ately.  If  this  organism  is  found  in  a  group  sample,  then  the  individual  animals  con¬ 
tributing  to  the  sample  should  have  their  milk  examined,  and  if  found  in  bottled  milk 
then  individual  cows  of  the  whole  herd  must  be  examined  to  find  the  offending 
cow,  or  cows.  6 


The  method  given  above  is  in  the  most  abbreviated  form.  In  order  to  defi¬ 
nitely  identify  this  organism  it  should  be  shown  that  in  addition  to  the  above  char¬ 
acteristics  it  has  the  power  to  hemolize  in  the  test  tubes;  to  ferment  lactose  sac¬ 
charose  and  sahcin,  but  not  mannite;  to  be  a  low  acid  former  in  glucose  broth,  pH 
usually  from  4.8  to  5.4;  and  not  to  hydrolize  sodium  hippurate 


References  Brown  Frost  and  Shaw:  Hemolytic  Streptococci  of  the  beta  type 

in  Certified  Milk  Jour.  Inf.  Dis.  Vol.  38,  May  1926,  pp.  381-388. 

rost  Gumm  and  Thomas:  Types  of  hemolytic  streptococci  in  Certified  Milk 
Jour.  Inf.  Dis.  Vol.  40,  June  1927,  pp.  698-705.  ’ 
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medium  should  not  be  streaked  with  the  colonies  fished  but  should  be  spotted  in 
well-isolated  spots.  B.  coli  should  show  little  or  no  growth.  B.  lactis  aerogenes 
should  produce  alkaline  opaque  colonies  after  incubation  for  24  to  48  hours  at  37°  C. 

Gram  stains  should  be  made  to  make  sure  that  the  organisms  fished  are  Gram 
negative  bacilli.  Confirmatory  tests  in  lactose  broth  fermentation  tubes  for  gas 
and  acid  production  and  in  glucose  broth  for  Voges-Proskauer  reaction  may  be 
employed  if  desired  but  it  is  believed  that  with  a  little  experience  the  above  proce¬ 
dures  can  be  relied  upon. 

Media. — Lactose  Taurocholate  Agar  (Chalmers,  C.  H.,  1928,  Jour,  of  Hygiene, 
xxvii,  295) 

gm.  or  cc. 


Water . 1000 

Sodium  taurocholate .  5 

Peptone .  20 

Lactose .  10 

Agar .  20 


Adjust  reaction  to  pH  6.8  filter  and  add  0.006  per  cent  of 
brom  cresol  purple. 


Citrate  Agar  (Simmons  J.  S.,  1926  Jour,  of  Infectious  Diseases,  xxxix,  209) 

gm.  or  cc. 

Distilled  water . 1000 

Agar,  clean  and  dry .  20 

NaCl .  5 

MgS04 .  °-2 

(NH4)H2P04 .  1 

K,HP04 . .  1 

Sodium  citrate .  2 

Adjust  the  reaction  to  pH  6.8  and  add  10  cc.  of  1.5%  alcoholic 

solution  of  brom  thymol  blue. 


64.  Determination  of  Taste  and  Odor  of  Milk.— Immediately  after 

the  plates  have  been  prepared,  the  taste  and  odor  of  the  milk  shall  be 
determined.  Chemical  examinations  may  be  made  on  samples  pre¬ 
viously  examined  for  bacteria.  .  ,  . 

65.  Chemical  Analyses.-The  methods  and  technique  used  in  the 

chemical  analyses  shall  conform  to  the  methods  and  technique  of  the 
American  Association  of  Official  Agricultural  Chemists. 

66.  Fat  Standards. — Certified  Milk  shall  contain  an  average  of  4. 
per  cent  of  butterfat  with  a  minimum  of  3.5  per  cent.  This  average 

to  be  based  on  a  period  of  not  over  90  days.  .  .  . 

67  Over  or  under  Fat  Standard.-In  case  it  is  desired  to  maintain 

an  average  butterfat  per  cent  above  or  Wow  the  st“dt^rtheg^ 
cent  of  butterfat  shall  be  stated  on  the  seal  of  the  container  b 

average  shall  be  based  on  tests  covering  a  p  Certified 

68  Cream  Standard.— The  percentage  of  butterfat  in  Certine 
butterfat,  shall  also  apply  to  Certified  Cream. 
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LABORATORY  EQUIPMENT  FOR  MILK  ANALYSIS  IN  THE  AVERAGE 

SMALL  CITY 


Chemical  Apparatus: 


1  Analytical  balance  with  weights— 1  milligram  to  100  grams. 
1  Cream-test  scale. 

1  Balance  with  weights  to  5  kilos. 

1  Westphal  balance  or  accurate  lactometer  with  cylinder. 

1  Babcock  milk-fat  tester — 12  bottles. 

3  Dozen  milk-test  bottles,  8  per  cent. 

1  Dozen  cream-test  bottles,  9  grams,  50  per  cent. 

1  Thermometer,  range — 19  to  200°  C. 

1  Thermometer,  range — 10  to  110°  C. 

1  Thermometer,  range —  0  to  212°  F. 

1  Water  bath  for  milk  solids,  12  holes. 

1  Drying  oven,  double  wall. 

1  Wash  bottle,  1  liter. 

2  Pipettes,  17.6  c.c. 

1  Pair  dividers. 

1  Combined  acid  bottle  and  pipette. 

2  Burettes,  50  c.c.  graduated  in  tenths. 

1  Burette  holder. 


2  Dozen  beakers,  lipped— assorted  sizes  (100  to  250  c.< 
12  Porcelain  dishes,  flat-bottomed. 


Beakers,  lipped — 500  c.c. 

Beakers,  lipped — 1000  c.c. 

Iron  supports,  with  sets  of  4  rings,  Nos.  2  to  4. 

Desiccator. 

Refractometer. 

Sediment  tester  and  1000  cotton  disks. 

Dozen  glass  stirring  rods. 

Pipette,  5  c.c. 

Pipette,  10  c.c. 

1  Pipette,  25  c.c. 

1  Pipette,  50  c.c. 

2  Iron  tripods. 

25  Lengths,  2  meters  each,  glass  tubing,  assorted  sizes,  2-4  mm 
6  Wire  gauze,  asbestos  center. 

1  Pair  crucible  tongs. 

6  Bunsen  burners. 

24  Feet  rubber  tubing,  thiek  wall,  cloth  wrapped  }  inch. 


2 

2 

2 

1 

1 

1 

■1 

1 

1 
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6  Funnels  glass,  diameter  8  cm. 

1  Pack  filter  papei  12.5  cm.  diam.,  for  qualitative  analysis. 

1  Pack  filter  paper  25  cm.  diam.  for  qualitative  analysis. 

1  Funnel,  6  in. 

12  Reagent  bottles. 

4  Test-tube  cleaning  brushes. 

Bacteriological  apparatus : 

1  Microscope  with  accessories. 

6  Inches  platinum  wire. 

1  Water  bath  for  melting  agar  tubes. 

1  Autoclave  with  burner. 

1  Arnold  sterilizer. 

1  Dry  air  sterilizing  oven. 

1  Incubator. 

100  One  c.c.  pipettes  graduated  in  tenths  with  extra  tenth  above  0 
mark,  to  deliver  between  two  marks. 

200  Test-tubes,  lipless,  heavy  wall  to  withstand  sterilization. 

4  Test-tube  baskets. 

Pipettes — 5  c.c.  to  50  c.c.  (See  chemical  list.) 

1  Cylinder,  1000  c.c.  graduated. 

1  Cylinder,  100  c.c.  graduated. 

2  Dozen  Erlenmeyer  flasks,  300  c.c. 

6  Erlenmyer  flasks,  1000  c.c. 

4  Dozen  glass  bottles,  glass-stoppered,  6  ounces. 

1  Double  boiler,  granite  ware,  \  gallon. 

200  Petri  dishes  100X10  mm. 

2  Petri-dish  boxes,  sheet  iron,  50  each. 

2  Pipette  boxes. 

1  Reading  glass — 4  in.,  2\  magnifications. 

1  Counting  plate. 

1  Counter. 

1  Gas  stove,  single  burner. 

Burners  and  tubing.  (See  chemical  list.) 

2  Wax  pencils. 

Chemical  Reagents  and  Solutions : 

Commercial  sulphuric  acid;  sulphuric  acid  C.  P. 

Hydrochloric  acid,  C.  P. 

Nitric  acid,  C.  P. 

Sodium  hydroxide,  normal. 

Sodium  h}^droxide,  tenth  normal. 
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Hydrochloric  acid,  normal. 

Hydrochloric  acid,  tenth  normal  phenolphthalein  indicator 
Calcium  chloride. 

Acetic  acid,  glacial. 

Potassium  bichromate. 

Peptone. 

Beef  extract. 

Agar,  shredded. 

Absorbent  and  non-absorbent  cotton. 

Microscopical  stains. 

Grams  (set  of  reagents)  methylene  blue 
Stronger  ammonia  water. 

Borax  or  boric  acid. 

Ether. 

Ferric  chloride,  crystals. 

Litmus  paper,  red  and  blue. 

Turmeric  paper. 

Alcohol,  95  per  cent. 

Phenol,  pure  crystals. 


Wholesale  Milk  Prices,  New  York,  Quart. 
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For  Determining  Total  Solids  in  Milk  from  any  Given  Specific  Gravity 

and  Percentage  of  Fat 

(Per  Cent  of  Total  Solids) 


Percentage 
of  Fat. 


2.00 
2.05 
2.10 
2.  15 
2.20 

2.25 

2.30 

2.35 

2.40 

2.45 

2.50 

2.55 
2.60 

2.65 

2.70 

2.75 
2.80 

2.85 

2.90 

2.95 

3.00 

3.05 

3.10 

3.15 

3.20 

3.25 

3.30 

3.35 

3.40 

3.45 

3.50 

3.55 
3.60 

3.65 

3.70 

3.75 
3.80 

3.85 

3.90 

3.95 

4.00 

4.05 

4. 10 

4. 15 

4.20 


Lactometer  Reading  at  60°  F.  (Quevenne  Degrees). 
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10.29 

10.35 

10.41 

10.47 

10.53 

10.59 

10.65 

10.71 
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11.02 
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10.60 

10.66 

10.72 

10.78 

10.84 
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11 

43 

11 

68 

11 

93 

12 

18 

12 

43 

11 

49 

11 

74 

11 

99 

12 

24 

12 

49 

11 

55 

11 

80 

12 

05 

12 

30 

12 

55 

11 

61 

11. 

86 

12 

11 

12 

36 

12 

61 

11. 

67 

11. 

92 

12 

17 

12. 

42 

12. 

05 

00 

11. 

73 

11. 

98 

12 

23 

12. 

48 

12. 

74 

11. 

79 

12. 

04 

12. 

29 

12. 

55 

12. 

80 

11. 

85 

12. 

10 

12. 

35 

12. 

61 

12. 

86 

11. 

91 

12. 

16 

12. 

42 

12. 

67 

12. 

92 

11. 

97 

12. 

22 

12. 

48 

12. 

73 

12. 

98 

12. 

03 

12. 

28 

12. 

54 

12. 

79 

13. 

04 

12. 

09 

12. 

34 

12. 

60 

12. 

85 

13. 

10 

12. 

15 

12. 

40 

12. 

66 

12. 

91 

13. 

16 

12. 

21 

12. 

46 

12. 

72 

12. 

97 

13. 

22 

12. 

27 

12. 

52 

12. 

78 

13. 

03 

13. 

28 

12.33 

12.39 

12.45 

12.51 

12.57 

12.63 

12.69 

12.75 

12.81 

12.87 

12.93 

12.99 

13.05 


12.58 

12.64 

12.70 

12.76 

12.82 

12.88 

12.94 

13.00 

13.06 

13.12 

13.18 

13.25 

13.31 


12.84 
12.90 
12.96 
13.02 
13.08 
13. 14 
13.20 
13.26 

13.32 

13.38 

13.44 

13.50 

13.56 


13.09 

13.15 

13.21 

13.27 

13.33 

13.39 

13.45 

13.51 

13.57 

13.63 

13.69 

13.76 

13.82 


13.34 

13.40 

13.46 

13.52 

13.58 

13.64 

13.70 

13.77 

13.83 

13.89 

13.95 

14.01 

14.07 


TABLE  FOR  DETERMINING  SOLIDS 


463 


For  Determining  Total  Solids  in  Milk  from  any  Given  Specific  Gkavity 

and  Percentage  of  Fat. — Continued 

(Per  Cent  Total  Solids) 


Percentage 
of  Fat. 


4.25 

4.30 

4.35 

4.40 

4.45 

4.50 

4.55 

4.60 

4.65 

4.70 

4.75 

4.80 

4.85 

4.90 

4.95 

5.00 

5.05 

5.10 

5.15 

5.20 

5.25 

5.30 

5.35 

5.40 

5.45 

5.50 

5.55 

5.60 

5.65 

5.70 

5.75 

5.80 

5.85 

5.90 

5.95 

6.00 

6.05 

6.10 

6.15 

6.20 

6.25 

6.30 

6.35 

6.40 

6.45 


Lactometer  Reading  at  60°  F.  (Quevenne  Degrees.) 


26 

27 

28 

29 

30 

31 

32 

33 

11 

60 

11 

86 

12 

11 

12 

36 

12 

61 

12 

86 

13 

12 

13 

37 

11 

66 

11 

92 

12 

17 

12 

42 

12 

67 

12 

92 

13 

18 

13 

43 

11 

72 

11 

98 

12 

23 

12 

48 

12 

73 

12 

98 

13 

24 

13 

49 

11 

78 

12 

04 

12 

29 

12 

54 

12 

79 

13 

04 

13 

30 

13 

55 

11 

84 

12 

10 

12 

35 

12 

60 

12 

85 

13 

10 

13 

36 

13 

61 

11 

90 

12 

16 

12 

41 

12 

66 

12 

91 

13 

16 

13 

42 

13 

67 

11 

97 

12 

22 

12 

47 

12 

72 

12 

97 

13 

22 

13 

48 

13 

73 

12 

03 

12 

28 

12 

53 

12 

78 

13 

03 

13 

28 

13 

54 

13 

79 

12 

09 

12 

34 

12 

59 

12 

84 

13 

09 

13 

34 

13 

60 

13 

85 

12 

15 

12 

40 

12 

65 

12 

90 

13 

15 

13 

40 

13 

66 

13 

91 

12 

21 

12 

46 

12 

71 

12 

96 

13 

21 

13 

46 

13 

72 

13 

97 

12 

27 

12 

52 

12 

77 

13 

02 

13 

27 

13 

52 

13 

78 

14 

03 

12 

33 

12 

58 

12 

83 

13 

08 

13 

33 

13 

58 

13 

84 

14 

09 

12 

39 

12 

64 

12 

89 

13 

14 

13 

39 

13 

64 

13 

90 

14 

15 

12 

45 

12 

70 

12 

95 

13 

20 

13 

45 

13 

70 

13 

96 

14 

21 

12 

51 

12 

76 

13 

01 

13 

26 

13 

51 

13 

76 

14 

02 

14 

27 

12 

57 

12 

82 

13 

07 

13 

32 

13 

57 

13 

83 

14 

08 

14 

33 

12 

63 

12 

88 

13 

13 

13 

38 

13 

63 

13 

89 

14 

14 

14 

39 

12 

69 

12 

94 

13 

19 

13 

44 

13 

69 

13 

95 

14 

20 

14 

45 

12 

75 

13 

00 

13 

25 

13 

50 

13 

75 

14 

01 

14 

26 

14 

51 

12 

81 

13 

06 

13 

31 

13 

56 

13 

81 

14 

07 

14 

32 

14 

57 

12 

87 

13 

12 

13 

37 

13 

62 

13 

87 

14 

13 

14 

38 

14 

63 

12 

93 

13 

18 

13 

43 

13 

68 

13 

93 

14 

19 

14 

44 

14 

70 

12 

99 

13 

24 

13 

49 

13 

74 

14 

00 

14 

25 

14 

50 

14 

76 

13 

05 

13 

30 

13 

55 

13 

80 

14 

06 

14 

31 

14 

56 

14 

82 

13 

11 

13 

36 

13 

61 

13 

86 

14 

12 

14 

37 

14 

62 

14 

88 

13 

17 

13 

42 

13 

67 

13 

93 

14 

18 

14 

43 

14 

69 

14 

94 

13 

23 

13 

48 

13 

73 

13 

99 

14 

24 

14 

49 

14 

75 

15 

00 

13 

29 

13 

54 

13 

79 

14 

05 

14 

30 

14 

55 

14 

81 

15 

06 

13 

35 

13 

.60 

13 

85 

14 

11 

14 

36 

14 

61 

14 

87 

15 

12 

13 

41 

13 

66 

13 

91 

14 

17 

14 

.42 

14 

68 

14 

93 

15 

18 

13 

47 

13 

72 

13 

97 

14 

23 

14 

.48 

14 

74 

14 

99 

15 

24 

13 

53 

13 

78 

14 

04 

14 

29 

14 

.54 

14 

80 

15 

05 

15 

30 

13 

59 

13 

84 

14 

.10 

14 

35 

14 

.60 

14 

.86 

15 

11 

15 

36 

13 

65 

13 

.90 

14 

.16 

14 

.41 

14 

.66 

14 

92 

15 

.17 

15 

42 

13 

71 

13 

96 

14 

.22 

14 

.47 

14 

72 

14 

98 

15 

23 

15 

48 

13 

77 

14 

02 

14 

28 

14 

53 

14 

78 

15 

04 

15 

29 

15 

54 

13 

83 

14 

08 

14 

34 

14 

59 

14 

84 

15 

10 

15 

35 

15 

60 

13 

89 

14 

14 

14 

40 

14 

65 

14 

90 

15 

16 

15 

41 

15 

.66 

13 

95 

14 

20 

14 

46 

14 

71 

14 

96 

15 

22 

15 

47 

15 

72 

14 

01 

14 

26 

14 

52 

14 

77 

15 

02 

15 

28 

15 

53 

15 

78 

14 

07 

14 

32 

14 

58 

14 

83 

15 

08 

15 

34 

15 

59 

15 

84 

14 

13 

14 

38 

14 

64 

14 

90 

15 

14 

15 

40 

15 

65 

15 

90 

14 

19 

14 

44 

14 

70 

14 

96 

15 

20 

15 

46 

15 

71 

15 

96 

14 

25 

14 

50 

14 

76 

15 

02 

15 

26 

15 

52 

15 

77 

16 

02 

34 

35 

36 

13 

62 

13 

1  oo 

00 

14 

13 

13 

68 

13 

94 

14 

19 

13. 

74 

14 

00 

14 

25 

13 

80 

14 

06 

14 

31 

13. 

86 

14 

12 

14. 

37 

13 

92 

14. 

18 

14. 

43 

13. 

98 

14. 

24 

14. 

49 

14. 

04 

14 

30 

14. 

55 

14. 

10 

14 

36 

14. 

61 

14 

16 

14 

42 

14. 

67 

14 

22 

14 

48 

14. 

73 

14 

28 

14 

54 

14 

79 

14 

34 

14 

60 

14 

85 

14 

40 

14 

66 

14 

91 

14 

46 

14 

72 

14 

97 

14 

52 

14 

00 

15 

03 

14 

58 

14 

84 

15 

09 

14 

64 

14 

90 

15 

15 

14 

70 

14 

96 

15 

21 

14 

76 

15 

02 

15 

27 

14 

82 

15 

08 

15 

33 

14 

88 

15 

14 

15 

39 

14 

95 

15 

20 

15 

45 

15 

01 

15 

26 

15 

51 

15 

07 

15 

32 

15 

57 

15 

13 

15 

38 

15 

63 

15 

19 

15 

44 

15 

69 

16 

25 

15 

50 

15 

75 

15 

31 

15 

.56 

15 

.81 

15 

37 

15 

.62 

15 

87 

15 

43 

15 

.68 

15 

.93 

15 

49 

15 

.74 

15 

.99 

15 

55 

15 

.80 

16 

.06 

15 

.61 

15 

.86 

16 

.12 

15 

.67 

15 

.92 

16 

.18 

15 

.73 

15 

.98 

16 

.24 

15 

.79 

16 

.04 

16 

.30 

15 

.85 

16 

.10 

16 

.35 

15 

.91 

16 

.16 

16 

.42 

15 

97 

16 

.22 

16 

.48 

16 

03 

16 

.28 

16 

.54 

16 

09 

16 

.34 

16 

60 

16 

15 

16 

.40 

16 

.66 

16 

21 

16 

46 

16 

.72 

16 

27 

16 

52 

16 

.78 

464 


APPENDIX 


Comparison  of  Fahrenheit  and  Centigrade  Thermometer  Scales 


Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

F. 

C. 

F. 

C 

F. 

C 

F. 

C 

F. 

C. 

212 

100.00 

169 

76. 

11 

126 

52. 

22 

83 

28 

33 

40 

4.44 

211 

99.44 

168 

75. 

55 

125 

51. 

67 

82 

27. 

78 

39 

3.89 

210 

98.89 

167 

.75. 

00 

124 

51. 

11 

81 

27. 

22 

38 

3.33 

209 

98.33 

166 

74. 

44 

123 

50 

55 

80 

26. 

67 

37 

2.78 

208 

97.78 

165 

73. 

89 

122 

50. 

00 

79 

26. 

11 

36 

2.22 

207 

97.22 

164 

72 

33 

121 

49 

44 

78 

25. 

55 

35 

1.67 

206 

96.67 

163 

72 

78 

120 

48 

89 

77 

25 

00 

34 

1.11 

205 

96.11 

162 

71 

22 

119 

48 

33 

76 

24 

44 

33 

0.55 

204 

95.55 

161 

71 

67 

118 

47 

78 

75 

23 

89 

32 

0.00 

203 

95.00 

160 

71 

11 

117 

47 

22 

74 

23 

33 

31 

-  0.55 

202 

94.44 

159 

70 

55 

116 

46 

67 

73 

22 

78 

30 

-  1.11 

201 

93.89 

158 

70 

00 

115 

46 

11 

72 

22 

22 

29 

-  1.67 

200 

93.33 

157 

69 

44 

114 

45 

55 

71 

21 

67 

28 

-  2.22 

199 

92.78 

156 

68 

89 

113 

45 

00 

70 

21 

11 

27 

-  2.78 

198 

92.22 

155 

68 

33 

112 

44 

44 

69 

20 

55 

26 

-  3.33 

197 

91.67 

154 

67 

78 

111 

43 

89 

68 

20 

00 

25 

-  3.89 

196 

91.11 

153 

67 

22 

110 

43 

33 

67 

19 

44 

24 

-  4.44 

195 

90.55 

152 

66 

67 

109 

42 

78 

66 

18 

89 

23 

-5.00 

194 

90.00 

151 

66 

11 

108 

42 

22 

65 

18 

33 

22 

-  5.55 

193 

89.44 

150 

65 

55 

107 

41 

67 

64 

17 

78 

21 

-  6.11 

192 

88.89 

149 

65 

00 

106 

41 

11 

63 

17 

22 

20 

-  6.67 

191 

88.33 

148 

64 

44 

105 

40 

55 

62 

16 

67 

19 

-  7.22 

190 

87.78 

147 

63 

89 

104 

40 

00 

61 

16 

11 

18 

-  7.78 

189 

87.22 

146 

63 

33 

103 

39 

44 

60 

15 

55 

17 

-  8.33 

188 

86.67 

145 

62 

78 

102 

38 

89 

59 

15 

00 

16 

-  8.89 

187 

86.11 

144 

62 

22 

101 

38 

33 

58 

14 

44 

15 

-  9.44 

186 

85.55 

143 

61 

67 

100 

37 

78 

57 

13 

89 

14 

-10.00 

185 

85.00 

142 

61 

11 

99 

37 

22 

56 

13 

33 

13 

-10.55 

184 

84.44 

141 

60 

55 

98 

36 

67 

55 

12 

78 

12 

—  11.11 

183 

83.89 

140 

60 

00 

97 

36 

11 

54 

12 

22 

11 

-11.67 

182 

83.33 

139 

59 

44 

96 

35 

55 

53 

11 

67 

10 

-12.22 

181 

82.78 

138 

58 

89 

95 

35 

00 

52 

11 

11 

9 

-12.78 

180 

82.22 

137 

58 

33 

94 

34 

44 

51 

10 

.55 

8 

-13.33 

179 

81.67 

136 

57 

78 

93 

33 

89 

50 

10 

00 

7 

-13.89 

178 

81.11 

135 

57 

22 

92 

33 

33 

49 

9 

44 

6 

-14.44 

177 

80.55 

134 

56 

67 

91 

32 

78 

48 

8 

89 

5 

—  15.00 

176 

80 . 00 

133 

56 

11 

90 

32 

22 

47 

8 

33 

4 

—  15.55 

175 

79.44 

132 

55 

55 

89 

31 

67 

46 

7 

78 

3 

—  16.11 

174 

78.89 

131 

55 

.00 

88 

31 

11 

45 

7 

22 

2 

-16.67 

173 

78.33 

130 

54 

.44 

87 

30 

55 

44 

6 

67 

1 

-17.22 

172 

77.78 

129 

53 

.89 

86 

30 

00 

43 

6 

11 

0 

-17.78 

171 

77.22 

128 

53 

.33 

85 

29 

.44 

42 

5 

55 

-1 

— 18 . 33 

170 

76.67 

127 

52 

.78 

84 

28 

i 

.89 

41 

5 

00 

-2 

-3 

-18.89 

-19.44 
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Table  for  Correcting  the  Lactometer  Reading  of  Milk 
According  to  Temperature 


Degrees  of 
Lactometer. 


20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 


Degrees  of  Thermometer  (F.). 


45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

19.0 

19.0 

19.1 

19.1 

19.2 

19.2 

19.3 

19.4 

19.4 

19.5 

19.6 

19.9 

20.0 

20.0 

20.1 

20.2 

20.3 

20.3 

20.3 

20.4 

20.5 

20.6 

20.9 

21.0 

21.0 

21.1 

21.2 

21.2 

21.3 

21.3 

21.4 

21.5 

21.6 

21.9 

22.0 

22.0 

22.1 

22.2 

22.2 

22.3 

22.3 

22.4 

22.5 

22.6 

22.9 

22.9 

23.0 

23.1 

23.2 

23.2 

23.3 

23.3 

23.4 

23.5 

23.6 

23.8 

23.9 

24.0 

24.0 

24.1 

24.1 

24.2 

24.3 

24.4 

24.5 

24.6 

24.8 

24.9 

24.9 

25.0 

25.1 

25.1 

25.2 

25.2 

25.3 

25.4 

25.5 

25.8 

25.9 

25.9 

26.0 

26.1 

26.1 

26.2 

26.2 

26.3 

26.4 

26.5 

26.7 

26.8 

26.8 

26.9 

27.0 

27.0 

27.1 

27.2 

27.3 

27.4 

27.5 

27.7 

27.8 

27.8 

27.9 

28.0 

28.0 

28.1 

28.2 

28.3 

28.4 

28.5 

28.6 

28.7 

28.7 

28.8 

28.9 

29.0 

29.1 

29.1 

29.2 

29.3 

29.4 

29.5 

29.6 

29.6 

29.7 

29.8 

29.9 

30.0 

30.1 

30.2 

30.3 

30.4 

30.4 

30.5 

30.5 

30.6 

30.7 

30.9 

31.0 

31.1 

31.2 

31.3 

31.4 

31.3 

31.4 

31.4 

31.5 

31.6 

31.8 

31.9 

32.0 

32.1 

32.3 

32.4 

32.2 

32.3 

32.3 

32.4 

32.5 

32.7 

32.9 

33.0 

33.1 

33.2 

33.3 

33.0 

33.1 

33.2 

33.4 

33.5 

33.6 

33.8 

33.9 

34.0 

34.2 

34.3 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

20 . 

19.7 

19.8 

19.9 

19.9 

20.1 

20.2 

20.2 

20.3 

20.4 

21 . 

20.7 

20.8 

20.9 

20.9 

21.1 

21.2 

21.3 

21.4 

21.5 

22 . 

21.7 

21.8 

21.9 

21  9 

22.1 

22.2 

22.3 

22.4 

22.5 

23 . 

22.7 

22.8 

22.8 

22.9 

23.1 

23.2 

23.3 

23.4 

23.5 

24 . 

23.6 

23.7 

23.8 

23.9 

24.1 

24.2 

24.3 

24.4 

24.5 

25 . 

24.6 

24.7 

24.8 

24.9 

25.1 

25.2 

25.3 

25.4 

25.5 

26 . 

25.6 

25.7 

25.8 

25.9 

26.1 

26.2 

26.3 

26.5 

26.6 

27 . 

26.6 

26.7 

26.8 

26.9 

27.1 

27.3 

27.4 

27.5 

27.6 

28 . 

27.6 

27.7 

27.8 

27.9 

28.1 

28.3 

28.4 

28.5 

28.6 

29 . 

28.6 

28.7 

28.8 

28.9 

29.1 

29.3 

29.4 

29.5 

29.6 

30 . 

29.6 

29.7 

29.8 

29.9 

30.1 

30.3 

30.4 

30.5 

30.7 

31 . 

30.5 

30.6 

30.8 

30.9 

31.2 

31.3 

31.4 

31.5 

31.7 

32 . 

31  5 

31.6 

31.7 

31.9 

32.2 

32.3 

32.5 

32.6 

32.7 

33 . 

32.5 

32.6 

32.7 

32.9 

33.2 

33.3 

33.5 

33.6 

33.8 

34 . 

33.5 

33.6 

33.7 

33.9 

34.2 

34.3 

34.5 

34.6 

34.8 

35 . 

34.5 

34.6 

34.7 

34.9 

35.2 

35.3 

35.5 

35.6 

35.8 

20. 

21. 

22. 

23. 

24 

25. 

26. 
27. 
28 
29 

30. 

31. 

32. 

33. 

34. 

35. 


66 


20.5 

21.6 
22.6 

23.6 

24.6 

25.6 

26.7 

27.7 

28.7 

29.8 

30.8 
31  7 

32.9 

33.9 

34.9 

35.9 


67 


20.6 

21.7 

22.7 

23.7 

24.7 

25.7 

26.8 

27.8 

28.8 

29.9 

30.9 
31.8 
33.0 
34  0 
35 . 0 
36  1 


68 


20.7 

21.8 
22.8 

23.8 

24.9 

25.9 
27.0 
28.0 
29.0 

30.1 

31.1 
32.0 

33 . 2 

34.2 

35.2 

36 . 2 


69 


20.9 

22.0 

23.0 

24.0 

25.0 

26.0 

27.1 

28.1 

29.1 

30.2 

31.2 

32.2 

33.3 

34.3 

35.3 

36.4 


70 


21.0 
22  1 

23.1 

24.1 

25.1 

26.1 

27.2 

28.2 

29.2 

30.3 

31.3 

32.4 

33.4 

34.5 

35.5 

36.5 


71 


21.1 

22.2 

23.2 

24.2 

25.2 

26.2 

27.3 

28.3 

29.4 

30.4 

31.5 

32.5 

33.6 

34  6 

35  6 

36  7 


72 


21.2 

22.3 

23.3 

24.3 

25.3 

26.4 

27.4 

28.4 

29.5 

30.5 

31.6 

32.6 

33.7 

34.7 

35.8 

36 . 8 


73 


21.3 

22.4 

23.4 

24.4 

25.5 

26.5 

27.5 

28.6 

29.7 

30.7 

31.8 

32.8 

33.9 

34.9 
36  0 
37.0 


74 


21.5 

22.5 

23.5 

24.6 

25.6 

26.6 

27.7 

28.7 

29.8 

30.9 

31.9 
33.0 
34.0 
35  1 

36.1 

37.2 


75 


21.6 

22.6 

23.7 

24.7 

25.7 

26.8 

27.8 

28.9 

29.9 
31.0 

32.1 

33.1 

34.2 

35.2 

36.3 

37.3 
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Comparison  of  Metric  and  Customary  Weights  and  Measures 


Customary 
Weights  and 
Measures. 

Equivalents  in 
Metric  System. 

Metric 
Weights  and 
Measures. 

Equivalents  in 
Customary  System. 

1  inch . 

2.54  centimeters 

39.37  inches 

1 .0936  yards 

0.155  square  inch 

1  foot . 

0.3048  meter 

1  mpt.pr 

1  square  inch.. . 

6.452  square  centimeters 

1  square  centi¬ 
meter 

1  square  foot. . . 

9.29  square  decimeters 

1  square  meter 

10.764  square  feet 

1  cubic  inch.. . . 

16.387  cubic  centimeters 

1  cubic  centi¬ 
meter 

0.061  cubic  inch 

1  cubic  foot. . . . 

0.0283  cubic  meter 

1  cubic  centi¬ 
meter 

0.0338  fluid  ounce 

1  fluid  ounce . . . 

29.57  cubic  centimeters 

1  cubic  deci¬ 
meter 

61.023  cubic  inches 

1  quart . 

0.9464  liter 

1  liter 

1.0567  quarts 

1  gallon . 

3.7854  liters 

1  dekaliter. . . . 

2.6417  gallons 

1  grain . 

64.8  milligrams 

1  gram . 

15.43  grains 

1  ounce  (av.).. . 

28.35  grams 

1  gram . 

0.035274  ounce 

1  pound  (av.) .  . 

0.4536  kilogram 

1  kilogram 

2.2046  pounds  (av.) 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
BUREAU  OF  DAIRY  INDUSTRY 

Washington,  D.  C. 


Approximate  Weight  per  Gallon  of  Milk  and  Cream  at  Various  Temperatures 


Degrees  Fahr. 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Skim-milk . 

4  °7n  milk . 

8.66 

8.61 

8.54 

8.50 

8.47 

8.45 

8.42 

8.655 

8.605 

8.525 

8.485 

8.450 

8.425 

8.395 

8.65 

8.60 

8.51 

8.47 

8.43 

8.40 

8.37 

8.645 

8.595 

8.495 

8.450 

8.410 

8.375 

8.345 

8.640 

8.590 

8.480 

8.435 

8.390 

8.350 

8.320 

8.635 

8.585 

8.460 

8.420 

8.370 

8.330 

8.295 

8.63 

8.58 

8.45 

8.40 

8.35 

8.31 

8.27 

8.625 

8.570 

8.435 

8.385 

8.330 

8.290 

8.250 

8.620 

8.565 

8.420 

8.370 

8.315 

8.270 

8.230 

8.610 

8.560 

8.405 

8.355 

8.295 

8.250 

8.210 

8.60 

8.55 

8.39 

8.34 

8.28 

8.23 

8.19 

20%  cream .... 
25%  cream .... 
30%  cream .... 
35%  cream.  . .  . 
40%  cream.  . .  . 

Degrees  Fahr. 

95 

100 

105 

110 

115 

120 

125 

130 

135 

140 

145 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Skim-milk . 

4%  milk . 

8.590 

8.535 

8.380 

8.325 

8.265 

8.215 

8.150 

8.58 

8.52 

8.37 

8.31 

8.25 

8.20 

8.15 

8.57 

8.51 

8.36 

8.30 

8.24 

8.19 

8.14 

8.555 

8.500 

8.350 

8.290 

8.230 

8.175 

8.125 

8.542 

8.485 

8.335 

8.280 

8.215 

8.165 

8.110 

8.530 

8.475 

8.325 

8.270 

8.205 

8.155 

8.100 

8.517 
8.465 
8.315 
8.260 
8. 195 
8.145 
8.090 

8.505 

8.450 

8.300 

8.250 

8.185 

8.130 

8.075 

8.490 

8.440 

8.290 

8.240 

8.170 

8.120 

8.065 

8.480 

8.430 

8.280 

8.230 

8.160 

8.110 

8.050 

8.470 

8.420 

8.270 

8.220 

8.150 

8.100 

8.045 

20%  cream .... 
25%  cream.  . . . 
30%  cream.  .  .  . 
35%  cream .... 
40%  cream .... 

STATE  STANDARDS  FOR  MILK  AND  CREAM 
State  Standards  for  Milk  and  Cream  in  Effect  1928 
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Milk 

Skim 

Milk 

Cream 

States 

Per 

Cent 

Total 

Solids 

Per 

Cent 

Solids- 

not- 

fat 

Per 

Cent 

Fat 

Per 

Cent 

Total 

Solids 

Per 

Cent 

Fat 

Standards  Established  by 

11.75 

8.5 

3.25 

18 

Law. 

(No  Territorial  standards). 

11.95 

8.7 

3.25 

18 

Act  of  Legislature  and  Regulations. 

(No  State  standards). 

11.8 

8.5 

3.3 

8.8 

18 

Act  of  Legislature. 

3 

16 

Act  of  Legislature. 

11.75 

8.5 

3.25 

16 

Act  of  Legislature. 

11.75 

8.5 

3.25 

18 

State  Board  qf  Health  under  legisla- 

District  of  Columbia. 

11.5 

8 

*8.5 

3.5 

3.25 

9 

20 

18 

tive  authority. 

Act  of  Congress. 

Law. 

11.75 

8.5 

3.25 

9.25 

18 

State  Veterinarian  under  legislative 

11.5 

8.5 

3 

18 

authority. 

Act  of  Legislature  and  Food  Depart¬ 
ment  under  legislative  authority. 

Act  of  Legislature  and  by  Public  Wel¬ 
fare  Department  under  legislative 
authority. 

Act  of  Legislature  and  Food  Standard 
Commission  under  legislative  author¬ 
ity. 

Act  of  Degislature  and  State  Board  of 
Health  under  legislative  authority. 

Act  of  Legislature  and  Dairy  and  Food 
Commission  under  legislative  author¬ 
ity. 

State  Board  of  Health  under  legisla¬ 
tive  authority. 

State  Board  of  Health  under  legisla¬ 
tive  authority. 

Act  of  Legislature  and  State  Board  of 
Health  under  legislative  authority. 

Act  of  Legislature. 

Legislative  act  provides  for  adoption 
of  standards  and  definitions  under 
U.  S.  Food  and  Drugs  Act. 

Act  of  Legislature  and  State  Board  of 
Health  under  legislative  authority. 

Act  of  Legislature. 

Act  of  Legislature  and  State  Dairy  and 
Food  Commission  under  legislative 
authority. 

11 

8 

3.2 

9.3 

18 

Illinois . 

11.5 

8.5 

3 

9.25 

18 

Indiana . 

11  75 

8.5 

3.25 

9.25 

18 

Iowa . 

11.5 

8.5 

3 

* 

16 

18 

18 

18 

18 

18 

15 

18 

20 

Kansas . 

3.25 

Kentucky . 

8.5 

3.25 

Louisiana . 

8.5 

3  25 

8 

Maine . 

11.75 

3  25 

Maryland . 

12.50 

3.50 

Massachusetts.  .  .  . 

12 

3  35 

9.3 

Michigan . 

12.5 

3 

Minnesota . 

3.25 

Mississippi . 

11.75 

8.5 

3.0 

8.5 

Missouri . 

Montana . 

11.75 

8.5 

3.25 

Q  0 

Act  of  Legislature  and  regulations  or 
Dairy  Commissioner  under  legisla¬ 
tive  authority. 

*  Less  than  11.5  per  cent  total  solids 

or  3.0  per  cent  fat. 
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State  Standards  for  Milk  and  Cream  in  Effect  1928— Continued 


States 


Per 

Cent 

Total 

Solids 


Nebraska 


Nevada . 

New  Hampshire 

New  Jersey . 

New  Mexico.  .  . 
New  York . 

North  Carolina. 

North  Dakota.  . 


11.75 

11.85 

11  5 


11.5 


Ohio . 

Oklahoma 


12 

12 


Oregon . 

Pennsylvania . 

Philippine  Islands.  .  . 


11.7 

12 

11.75 


Porto  Rico 


t 


Rhode  Island 


12 


South  Carolina . 

South  Dakota .  11.75 

Tennessee .  12 

Texas . 


Utah 


12 


Vermont . 


11.75 


Virginia 


11.75 


Washington.  . 
West  Virginia 
Wisconsin .  .  . 
Wyoming. 


11.5 


11.5 


Milk 

Skim 

Cream 

Milk 

Per 

Standards  Established  by 

Cent 

Per 

Per 

Solids- 

Cent 

Cent 

Cent 

not- 

Fat 

i.  ut  III 

Fat 

fat 

Solids 

3 

9.25 

Act  of  Legislature  and  Food,  Drug, 

Dairy  and  Oil  Commission  under 

legislative  authority. 

8.5 

3.25 

22 

Regulation. 

3.35 

8.5 

18 

Act  of  Legislature  and  State  Board  of 

Health  under  legislative  authority. 

3 

16 

Act  of  Legislature  and  Food  Depart- 

ment  under  legislative  authority. 

No  State  standards. 

3 

8.5 

18 

Act  of  Legislature  and  Public  Health 

Council  under  legislative  authority. 

8.5 

3.25 

9.25 

18 

State  Agriculture  Department  under 

• 

legislative  authority. 

8  5 

3  25 

Food  Department  under  legislative 

authority. 

9 

3  t 

18 

Act  of  Legislature. 

8.5 

3.5 

18 

State  Board  of  Agriculture  under  legis- 

lative  authority. 

8.5 

3.2 

18 

Act  of  Legislature. 

3.25 

.  .  «  •  . 

18 

Act  of  Legislature. 

8.5 

3.25 

18 

By  Health  Department  under  legisla- 

tive  authority. 

f 

t 

t 

t 

U.  S.  Food  and  Drugs  Act  and  Board 

of  Health  under  legislative  authority. 

3 .25 

/  is 

Food  and  Dairy  Departments  under 

l  40 

legislative  authority. 

8.5 

3.25 

18 

Act  of  Legislature. 

Q  " 

3.25 

Act  of  Legislature. 

9.25 

18 

Food  and  Drug  Department  under 

legislative  authority. 

1  18 

8.8 

3.2 

9 

24 

Act  of  Legislature. 

(30 

R  5 

3.25 

8.5 

18 

Act  of  Legislature  and  State  Board  of 

Health  under  legislative  authority. 

8.5 

3.25 

9.25 

18 

Food  Department  under  legislative 

authority. 

8.5 

3.25 

8.8 

18 

Act  of  Legislature. 

8  5 

3 

9.0 

18 

Law. 

3 

9 

IS 

Act  of  Legislature. 

o  .  O 

S  5 

3 

9.25 

18 

Dairy,  Food  and  Oil  Department 

under  legislative  authority. 

U.  S.  Dept,  of  Agriculture  rulings 
Standardized  milk  must  contain  at  least  3.5  per  cent 


NEW  YORK  MILK  RECEIPTS 
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New  York  Milk  Receipts 

(From  New  York  Produce  Review,  Vol.  69,  No.  13,  p.  629,  1930) 


1927 

January . 

February . 

March . 

April . 

May . 

June . 

July . 

August . 

September . 

October . 

November . 

December . 

Totals . 

Daily  average 


Cans  Milk 
40-qt.  Each 


Cans  Cream  and 
Condensed  Milk 


The  Whole  Equal 
to  Plain  Milk  * 
Cans  40-qt. 


2,653,906 

2,475,473 

2,830,004 

2,719,026 

2,863,221 

2,902,809 

2,996,804 

2,767,362 

2,789,560 

2,874,531 

2,713,410 

2,706,795 


114,240 

118,410 

160,323 

181,627 

240,322 

268,064 

246,122 

194,951 

170,491 

142,869 

121,878 

123,059 


3,668,360 

3,523,951 

4,231,228 

4,281,021 

4,896,334 

5,114,337 

4,945,626 

4,348,413 

4,466,140 

4,123,209 

3,787,157 

3,799,562 


33,262,901 

91,131 


2,082,356 

5,705 


51,185,338 

140,234 


1928 

January . 

February . 

March . 

April . 

May . 

June . 

July . 

August . 

September . 

October . 

November . 

December . 

Totals . 

Daily  average 


1929 

January . 

February . 

March . 

April . 

May . 

June . 

July . 

August . 

September . 

October . 

November . 

December . 

Totals . 

Daily  average 


2,742,719 

2,610,329 

2,855,340 

2,740,317 

2,938,957 

2,896,653 

3,502,508 

2,929,059 

2,838,805 

2,921,218 

2,717,137 

2,761,251 


131,480 

130,258 

163,034 

186,653 

252,641 

260,627 

271,930 

217,947 

180,284 

147,903 

123,182 

131,964 


3,910,260 

3,767,022 

4,280,258 

4,345,530 

5,076,300 

5,082,923 

5,238,848 

4,696,607 

4,389,246 

4,213,894 

3,802,370 

3,933,093 


34,004,293 

92,908 


2,197,903 

6,005 


52,736,351 

144,088 


2,778,228 

2,550,975 

2,900,617 

2,780,486 

2,955,682 

3,072,553 

2,997,155 

2,869,209 

2,905,133 

2,911,223 

2,799,965 

2,781,546 


34,302,772 

93,980 


135,147 

137,824 

179,528 

203,496 

265,517 

301,482 

261,393 

215,296 

193,284 

153,858 

142,672 

139,515 


2,329,012 

6,381 


3,978,330 

3,774,851 

4,469,692 

4,530,553 

5,201,954 

5,560,273 

5,117,053 

4,584,417 

4,499,726 

4,255,945 

4,036,929 

4,030,207 


54,039,930 

148,055 


*  Ratio  of  cream  to  milk  1  to  10.  Ratio  of  condensed 


to  milk  1  to  3. 
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BY-LAWS  OF  A  PRODUCERS’  DAIRY  COMPANY 

ARTICLE  I 

NAME 

The  name  of  this  corporation  shall  be  The  Producer’s  Dairy  Com¬ 
pany  of - . 


ARTICLE  II 

PURPOSES 

The  nature  of  the  business  to  be  transacted  and  the  purposes  to 
be  promoted  and  carried  out  by  this  corporation  are  as  follows: 

(a)  To  buy,  sell  and  generally  deal  in  and  with  milk;  to  pasteurize, 
condense,  preserve  and  evaporate  milk  and  manufacture  butter,  cheese, 
ice-cream  and  other  dairy  products;  to  buy,  sell  and  handle  fresh  milk, 
and  all  kinds  of  garden,  farm  and  dairy  products;  and  to  deal  generally 
in  and  with  food  products  and  farm  supplies  of  every  kind  and  descrip¬ 
tion. 

(b)  To  lease,  build,  purchase  or  otherwise  acquire  storehouses, 
packing  houses  and  factories  for  handling  and  storing  milk,  butter, 
cheese  or  other  food,  farm  and  dairy  products,  and  to  sell  or  otherwise 
dispose  of  the  product  and  such  storehouses,  packing  houses  and  fac- 
tones. 

(c)  To  conduct  and  carry  on  any  other  business,  manufacturing  or 
otherwise,  which  may  seem  advantageous  or  useful  in  connection  with 
the  general  business  of  the  company,  to  manufacture,  market  or  prepare 
for  marketing  any  goods  or  commodities  which  the  company  may  use 

in  connection  with  its  business.  , 

(d)  To  protect  products  of  the  company  by  trade  mark,  trade  names, 

or  any  distinguishing  name  or  title. 


ARTICLE  III 

MEMBERSHIP 


The  membership  of  this  corporation  shall  consist  of  producers  of 
milk  who  have  subscribed  for  at  least  one  share  of  stock  in  this  corpora¬ 
tion  and  who  have  been  approved  as  eligible  candidates  for  member¬ 
ship  by  a  majority  vote  of  the  Board  of  Managers. 
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ARTICLE  IV 

THE  BOARD  OF  MANAGERS 

Sec.  1.  The  Board  of  Managers  of  this  corporation  shall  consist  of 
the  President,  Vice-President,  Secretary,  Treasurer,  and  three  Directors. 

Sec.  2.  The  members  of  the  Board  of  Managers  shall  hold  office 
for  one  year  or  until  their  successors  are  elected  and  have  qualified. 

Sec.  3.  Vacancies  in  said  Board  shall  be  filled  by  the  remaining 
members  of  the  Board  of  Managers  of  this  corporation  for  the  unexpired 
term. 


ARTICLE  V 

MEETINGS  OF  STOCKHOLDERS 

Sec.  1.  The  annual  meeting  of  the  stockholders  of  this  corporation 

shall  be  held  in  the  City  of . at  a  place  designated  by  the 

Board  of  Managers  on  the  first . in . 

at . 

Sec.  2.  At  the  annual  meeting,  reports  in  writing  shall  be  presented 
by  the  Board  of  Managers,  the  president,  and  the  treasurer,  together 
with  the  report  of  the  auditor.  A  president,  vice-president,  secretary, 
treasurer  and  three  directors  shall  be  elected  for  the  ensuing  year,  and 
such  other  business  may  be  transacted  as  may  properly  come  before 
the  meeting. 

Sec.  3.  Special  meetings  may  be  called  by  the  president,  and  shall 
be  called  by  him  within  ten  days  of  the  receipt  of  a  written  request  for 
such  meetings  signed  by  ten  or  more  stockholders.  Notice  of  such 
meetings  shall  be  sent  to  each  stockholder  five  days  in  advance  of  the 
date  of  the  meeting  and  shall  state  the  purpose  for  which  such  meeting 
is  called. 

Sec.  4.  At  all  meetings  each  stockholder  shall  have  one  vote  and 
only  one,  and  voting  by  proxy  shall  not  be  permitted. 

Sec.  5.  At  all  meetings  twenty-five  members  shall  constitute  a 
quorum  for  the  transaction  of  business. 


ARTICLE  VI 

DUTIES  OF  OFFICERS  AND  BOARD  OF  MANAGERS 

.  Sec •  !•  The  president  shall  preside  at  all  meetings  of  the  corpora¬ 
tion  and  Board  of  Managers;  he  shall  call  all  meetings  except  as  other¬ 
wise  provided,  and  perform  all  other  duties  appertaining  to  his  office 
and  any  assigned  him  by  the  corporation  or  Board  of  Managers. 

Sec.  2.  It  shall  be  the  duty  of  the  vice-president  to  perform  the 
duties  of  the  president  in  his  absence  and  when  for  any  reason  the 
office  of  president  may  become  vacant. 
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Sec.  3.  The  secretary  shall  keep  a  record  of  all  meetings  of  the  cor¬ 
poration  and  Board  of  Managers,  and  shall  keep  the  corporate  seal 
of  the  corporation ;  he  shall  be  custodian  of  all  books,  papers  and  other 
valuable  instruments  belonging  thereto,  and  shall  be  keeper  of  all  things 
necessary  to  the  transaction  of  the  general  business  of  the  corporation 
*bec.  4  the  treasurer  shall  receive,  deposit,  and  disburse  all  funds 
c  ue  oi  paid  to  the  corporation  as  the  Board  of  Managers  may  direct, 
lie  shall  make  a  full  and  detailed  report  of  the  financial  condition  of 
the  corporation  at  the  annual  meeting  each  year,  and  at  such  other 
times  as  called  for  by  the  corporation  or  the  Board  of  Managers.  He 
shall  give  sufficient  bond,  to  be  approved  by  the  Board  of  Managers, 
for  the  faithful  performance  of  his  duties  and  for  the  surety  of  the  books! 
papers  and  instruments  of  the  corporation  which  may  be  placed  in  his 
custody. 

Sec.  5.  The  Board  of  Managers  shall  have  and  exercise  general 
control  and  supervision  of  the  affairs  of  the  corporation  and  perform  all 
duties  assigned  to  them  by  the  articles  of  incorporation  and  by-laws. 
The  Board  of  Managers  may  by  a  majority  vote  discharge  the  manager 
and  any  other  officer  or  employee  of  the  corporation,  determine  the 
duties  of  the  officers  and  manager  and  fix  their  compensation,  except 
as  limited  by  the  stockholders  and  as  otherwise  provided  by  the  articles 
of  incorporation  and  the  by-laws  of  this  corporation. 

They  shall  hold  regular  meetings  and  conduct  the  business  of  the 

corporation  on . 

Special  meetings  of  the  Board  of  Managers  shall  be  held  on  the  call  of 
the  president,  or  within  seven  days  of  the  receipt  of  a  written  petition 
of  three  members  of  the  Board.  The  president  shall  give  the  members 
of  the  Board  a  reasonable  notice  of  such  meetings.  A  majority  of  the 
Board  shall  constitute  a  quorum  for  the  transaction  of  business. 

They  shall  cause  an  audit  and  statement  of  condition  of  the  business 
of  the  corporation  to  be  made  annually  by  a  certified  public  accountant. 
The  report  of  this  audit  shall  be  read  at  the  annual  meeting. 

Sec.  6.  The  presiding  officer  at  a  regular  or  special  meeting  of  the 
directors  or  stockholders  shall  not  have  a  vote  except  in  the  case  of  a  tie. 


ARTICLE  VII 

THE  MANAGER 

Sec.  1.  The  Board  of  Managers  shall  elect  a  manager  who  shall 
have  full  charge  of  the  business  of  the  corporation  under  the  supervision 
of  the  Board  of  Managers.  The  Board  of  Managers  shall  prescribe  the 
various  duties  and  may  require  bond  in  such  amount  as  they  may  deen 
for  the  best  interest  of  the  association.  They  shall  also  fix  his  compensa¬ 
tion. 

ARTICLE  VIII 

CAPITAL  STOCK 

Sec.  1.  The  capital  stock  of  this  corporation  shall  be  $100,000, 
divided  into  2000  shares  of  the  par  value  of  $50  each. 


BY-LAWS  OF  A  PRODUCERS’  DAIRY  COMPANY 
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Sec.  2.  It  is  understood  and  agreed  by  both  parties  to  this  contract 
that  milk  may  be  obtained  by  the  dealer  from  the  producer  in  a  manner 
similar  to  that  in  vogue  at  present,  until  such  time  as  the  pasteurization 


plant  is  in  operation.  .  i 

Sec.  3.  No  certificate  of  shares  shall  be  issued  to  any  person  until 

the  full  amount  thereof  shall  have  been  paid  in  cash,  and  no  share¬ 
holder  shall  receive  less  than  the  par  value  of  any  share  when  disposing 
of  the  same  to  the  Board  of  Managers.  . 

Sec.  4.  No  person  shall  be  allowed  to  become  a  shareholder  m  this 
corporation  except  by  the  consent  of  the  Board  of  Managers. 

Sec.  5.  No  member  of  this  corporation  shall  be  permitted  to  hold 
or  claim  any  interest  in  this  corporation  exceeding  the  sum  of  $1000. 

Sec.  G.  No  transfer  of  stock  to  any  person  not  eligible  to  member¬ 
ship  shall  be  valid. 


ARTICLE  IX 

RIGHTS  AND  DUTIES  OF  MEMBER 

In  case  any  stockholder  violates  his  contract  with  corporation,  he 
shall  become  liable  upon  a  majority  vote  of  Board  of  Managers,  to  forfeit 
his  stock  or  any  part  thereof  in  this  corporation. 


ARTICLE  X 

AMENDMENTS 

These  by-laws  may  be  altered  or  amended  by  a  two-thirds  vote  oi 
the  members  present  at  any  regular  meeting  or  any  special  meeting 
called  for  that  purpose,  provided  that  the  amendments  shall  have  been 
presented  in  writing  at  a  previous  regular  or  special  meeting  of  the  cor¬ 
poration,  or  shall  have  been  presented  in  writing  to  the  Board  of  Man¬ 
agers  and  approved  by  them  at  a  regular  or  special  meeting  of  said 
Board. 
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Member  Associations  of  the  National  Cooperative  Milk  Producers’ 
_  Federation,  1928  1 


Association 


Berrien  County  Milk  Producers’  Association,  Benton  Harbor, 

Mich . 

California  Milk  Producers  Association,  Los  Angeles,  Calif . 

Challenge  Cream  and  Butter  Association,  Los  Angeles,  Calif . 

Chicago  Equity  Union  Exchange,  Chicago,  Ill . 

Connecticut  Milk  Producer’s  Association,  Hartford,  Conn . 

Cooperative  Pure  Milk  Association  of  Cincinnati,  Cincinnati,  Ohio. 

Dairymen’s  Cooperative  Sales  Co.,  Pittsburgh,  Pa . 

Coos  Bay  Mutual  Creamery  Co.,  Marshfield,  Ore . 

Dairymen’s  League  Cooperative  Association  (Inc.),  New  York, 

N.  Y . 

Des  Moines  Cooperative  Dairy  Marketing  Association,  Des 

Moines,  Iowa . 

Farmer’s  Milk  Producers’  Association,  Richmond,  Va . 

Gray’s  Harbor  Dairymen’s  Association,  Satsop,  Wash . 

Illinois  Milk  Producers’  Association,  Peoria,  Ill . 

Indiana  Dairy  Marketing  Association,  Muncie,  Ind . 

Inland  Empire  By-Products  Co.,  Spokane,  Wash . 

Inter-State  Milk  Producers’  Association,  Philadelphia,  Pa . 

Iowa  Cooperative  Creameries  Secretaries  and  Managers’  Associa¬ 
tion,  Waterloo,  Iowa . 

Land  O’Lakes  Creameries  (Inc.),  Minneapolis,  Minn . 

Lewis-Pacific  Dairymen’s  Association,  Chehalis,  Wash . 

Maryland  and  Virginia  Milk  Producers’  Association,  Washington, 

D.  C . 

Maryland  State  Dairymen’s  Association,  Baltimore,  Md . 

Miami  Valley  Cooperative  Milk  Producers’  Association,  Dayton, 

Ohio . 

Michigan  Milk  Producers’  Association,  Detroit,  Mich . 

Milk  Producers’  Association  of  San  Diego  County,  San  Diego, 

Calif . •  •••• 

Milk  Producers’  Association  of  Summit  County,  and  Vicinity, 

Akron,  Ohio . 

Milwaukee  Cooperative  Milk  Producers,  Milwaukee,  Wis . 

National  Cheese  Producers’  Federation,  Plymouth,  Wis . 

New  England  Milk  Producers’  Association,  Boston,  Mass . 

Northwestern  Cooperative  Sales  Co.,  Wauseon,  Ohio . 

Ohio  Farmers’  Cooperative  Milk  Association,  Cleveland,  Ohio  .  .  . 

Pure  Milk  Association,  Chicago,  Ill . 

Scioto  Valley  Cooperative  Milk  Producers’  Association,  Columbus, 

Ohio . 

Seattle  Milk  Shippers’  Association,  Seattle,  Wash . 

Skagit  County  Dairymens’  Association,  Burlington,  Wash . 

Snohomish  County  Dairymen’s  Association,  Everett,  Wash . 

St.  Louis  Pure  Milk  Producers'  Cooperative  Association,  East  St. 

Louis,  Ill . \ . 

Stark  County  Milk  Producers’  Association,  Canton,  Ohio . 

Tillamook  County  Creamery  Association,  Tillamook,  Ore . 

Twin  City  Milk  Producers'  Association,  St.  Paul,  Minn . 

Twin  Ports  Cooperative  Association,  Superior,  W  is . 

Valley  of  Virginia  Cooperative  Milk  Producers,  Harrisonburg,  \  a. 
Whatcom  County  Dairymen’s  Association,  Bellingham,  Wash..  .  . 
Yakima  Dairymen’s  Association,  Yakima,  ash . 


Date 
of  Or¬ 
ganiza¬ 
tion 

Estimated 
Number  of 
Members 

Estimated 

Annual 

Sales 

Year 

Number 

Dollars 

1918 

168 

441,000 

1915 

480 

6,210,484 

1911 

15,000 

15,689,910 

1917 

5,000 

2,985,401 

1917 

3,547 

12,000,000 

1915 

3,400 

2,022,583 

1918 

19,104 

12,373,849 

1919 

455 

449,255 

1921 

43,067 

85,648,162 

1917 

1,250 

81,000 

1916 

106 

1,200,000 

1918 

300 

330,937 

1926 

1,245 

788,186 

19^2 

546 

396,000 

1918 

874 

628,000 

1917 

21,829 

28,290,888 

15,000 

9,000,000 

1921 

73,000 

47,834,068 

1919 

1,000 

993,695 

1916 

1,000 

4,677,662 

1917 

3,700 

8,161,257 

1922 

4,000 

1,318,663 

1916 

10,000 

15,000,000 

1917 

55 

548,712 

1917 

2,300 

2,701,000 

1916 

1,800 

5,400,000 

1914 

7,500 

9,033,359 

1917 

20,154 

30,000,000 

1920 

4,000 

979,466 

1919 

3,500 

5,841,000 

1925 

3,500 

5,477,000 

1923 

3,250 

1,978,100 

1921 

450 

2,209,978 

1916 

1,500 

2,532,123 

1917 

1,182 

1,559,231 

1913 

8,000* 

9,600,000* 

1910 

700 

982,500 

1909 

700 

1,851,529 

1916 

7,527 

9,854,354 

1916 

316 

506,000 

1922 

700 

247,000 

1919 

1,650 

2,728,951 

1921 

909 

630,000 

1  Metzger,  Hutzel,  Cooperative  Marketing 


of  Fluid  Milk,  U.  S.  Dept.  Agri.,  Tech.  Bui.  179,  1930. 
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Weighted  Average  Milk  Prices  in  Dollars  per  100  Pounds,  f.o.b.,  City 
Market,  Received  by  Members  of  the  New  England  Milk  Producers’ 
Association,  1920-1928  1 


Month 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

.Tflnnarv . 

4.06 

3.41 

2.45 

3.09 

3.15 

2.92 

2.96 

2.82 

3.23 

Pphruarv . 

3.93 

3.05 

2.40 

3.05 

2.74 

2.87 

2.95 

2.87 

3.10 

March  . 

3.92 

2.82 

2.39 

3.02 

2.41 

2.64 

2.82 

2.83 

3.05 

April  . 

3.74 

2.71 

2.23 

2.56 

2.11 

2.58 

2.70 

2.77 

2.66 

Ma.v . 

3.42 

2.37 

2.19 

2.48 

2.10 

2.35 

2.65 

2.51 

2.54 

June . 

3.26 

2.36 

2.18 

2.43 

2.13 

2.35 

2.32 

2.44 

2.44 

July . 

3.56 

2.78 

2.48 

2.62 

2.47 

2.62 

2.66 

2.60 

2.77 

August . 

3.92 

3.12 

2.62 

2.99 

2.67 

2.88 

2.77 

2.87 

3.08 

September . 

October . 

3.93 

3.95 

3.24 

3.22 

2.73 

3.00 

3.10 

3.12 

2.90 

2.91 

3.00 

3.11 

2.87 

2.81 

3.10 

3.19 

3.03 

3.15 

November . 

December . 

3.92 

3.83 

3.25 

3.95 

3.16 

3.15 

3.41 

3.28 

3.02 

3.00 

3.13 

3.05 

3.14 

3.10 

3.34 

3.40 

3.46 

3.34 

Average . 

3.79 

3.02 

2.58 

2.93 

2.64 

2.79 

2.81 

2.89 

2.99 

1  Metzger,  Hutzel,  Marketing  of  Fluid  Milk,  U.  S.  Dept.  Agri.  Tech.  Bui.  179,  1930. 


Weighted  Average  Milk  Prices  in  Dollars  per  100  Pounds,  f.o.b.,  City 
Market,  Received  by'  Members  of  the  Dairymen’s  League  Cooperative 
Association,  1920-1928  1 


Month 


January . . 
February. 
March .  .  . 
April .... 

May . 

June . 

July . 

August 
September 
October .  . 
November 
December . 

Average 


1920 


4.42 

4.21 

4.09 

3.28 

3.28 

3.56 

3.68 

4.08 

4.38 

4.38 

4.38 

3.91 


3.97 


1921 


3.91 

3.31 

2.83 

2.83 

2.435 

2.15 
2.43 
2.88 
2.97 
3.20 

3.15 
3.12 


2.93 


1922 


2.84 

2.70 

2.33 

2.065 

2.03 

2.075 

2.35 

2.485 

2.73 

2.94 

3.195 

3.48 


2.60 


1923 


2.94 

3.04 

2.86 

2.805 

2.55 

2.645 

2.715 

2.815 

2.93 

3.05 

3.06 

2.88 


2.86 


1924 


2.65 

2.55 

2.53 

2.48 

2.13 
2.07 
2.15 
2.365 
2.575 
2.59 
2,99 

3.14 


2.52 


1925 


3.145 

3.03 

2.99 

2.865 

2.62 

2.53 

2.58 

2.83 

2.945 

3.04 

3.14 

3.16 


2.91 


1926 

1927 

1928 

3.12 

3.20 

3.43 

3.04 

3.20 

3.33 

2.95 

3.13 

3.01 

2.845 

2.97 

2.78 

2.665 

2.75 

2.69 

2.54 

2.66 

2.59 

2.68 

2.77 

2.81 

2.89 

2.95 

3.16 

3.09 

3.28 

3.31 

3.11 

3.41 

3.42 

3.25 

3.55 

3.61 

3.33 

3.52 

3.57 

2.96 

3.12 

3.14 

of  Agri.  Tech.  Bui.  179,  1930. 


1  Metzger,  Hutzel,  Marketing  of  Fluid  Milk,  U.  S.  Dept. 
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\\  eighted  Average  Milk  Prices  in  Dollars  per  100  Pounds,  f.o.b.,  City 
Market,  Received  by  Members  of  the  Inter-State  Milk  Producers’ 
Association,  1920-1928  1 


Month 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

January . 

3.845 

3.365 

2.595 

3.125 

3.125 

3.085 

3.183 

3.451 

3.423 

February . 

3.905 

3.325 

2.595 

3.115 

3.115 

3.105 

3.097 

3.460 

3.419 

March . 

3.885 

3.265 

2.565 

3.085 

3.075 

3.095 

3.052 

3.428 

3.397 

April . 

3.955 

3.195 

3.535 

3.065 

3.015 

3.105 

3.036 

3.426 

3.376 

May . 

3.785 

2.595 

2.475 

3.185 

2.925 

2.985 

2.790 

3.302 

3.287 

June . 

3.685 

2.375 

2.485 

3.235 

2.945 

3.075 

2.800 

3.281 

3.265 

July . 

3.665 

2.565 

2.545 

3.415 

2.975 

3.065 

3.051 

3.338 

3.330 

August . 

3.885 

2.585 

2.525 

3.365 

2.965 

3.045 

3.053 

3.316 

3.350 

September . 

3.985 

2.585 

2.605 

3.445 

2.975 

3.125 

3.246 

3.372 

3.384 

October . 

4.385 

2.645 

3.155 

3.575 

3.155 

3.145 

3.404 

3.396 

3.387 

November . 

4.385 

2.645 

3.155 

3.165 

3.155 

3.205 

3.447 

3.416 

3.489 

December . 

3.455 

2.645 

3.155 

3.165 

3.155 

3.375 

3.459 

3.419 

3.489 

Average . 

3.902 

2.816 

2.699 

3.245 

3.048 

3.118 

3.135 

3.384 

3.383 

1  Metzger,  Hutzel,  Cooperative  Marketing  of  Fluid  Milk,  U.  S.  Dept.  Agri.  Tech.  Bui.  179, 1930. 


Weighted  Average  Milk  Prices  in  Dollars  per  100  Pounds,  f.o.b.,  City 
Market,  Received  by  Members  of  the  Maryland  State  Dairytmen’s 
Association,  1918-1927  1 


Month 

1918 

1919 

1920 

1921 

January . . . 

3.05 

4.13 

4.27 

3.45 

February. . 

3.05 

3.84 

4.15 

3.34 

March .... 

3.05 

3.16 

4.00 

2.84 

April . 

3.05 

3.14 

3.84 

2.82 

May . 

3.05 

2.99 

3.67 

2.73 

June . 

3.05 

3.05 

3.67 

2.19 

July . 

3.05 

3.05 

3.71 

2.53 

August .... 

3.05 

3.51 

3.98 

2.48 

September. 

3.98 

4.21 

4.21 

2.40 

October .  . . 

4.21 

4.21 

4.21 

2.59 

November. 

4.44 

4.21 

4.09 

2.59 

December . 

4.44 

4.21 

3.51 

2.59 

Average . 

3.46 

3.64 

3.94 

2.71 

l  Metzger,  Hutzel,  Cooperative  Marketing  of 


1922 


2.52 

2.49 

2.46 

2.45 

2.27 

2.27 

2.30 

2.41 

2.45 

2.59 

2.82 

3.17 


2.52 


1923 

1924 

1925 

1926 

1927 

2.97 

3.00 

2.99 

3.03 

3.32 

2.98 

3.03 

3.03 

3.04 

3.33 

2.95 

3.00 

3.00 

2.98 

3.27 

2.96 

3.02 

3.05 

2.99 

3.24 

2.92 

2.85 

2.93 

2.85 

2.97 

2.87 

2.78 

2.98 

2.74 

3.06 

2.96 

2.92 

3.05 

2.99 

3.18 

3.28 

2.92 

3.00 

3.03 

3.18 

3.61 

2.87 

3.14 

3.06 

3.22 

3.63 

2.97 

3.25 

3.32 

3.32 

3.28 

3.10 

3.27 

3.39 

3.33 

3.17 

3.04 

3.22 

3.36 

3.13 

2.96 

3.08 

3.07 

3.22 

luid  Milk,  U.  S.  Dept.  Agri.  Tech.  Bui.  179,  1930. 
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Weighted  Average  Milk  Prices  in  Dollars  per  100  Pounds,  fo.b.,  City 
Market,  Received  by  Members  of  the  Dairymen  s  Cooperative  Sales 


Co.,  1923-1928  1 


Month 

1923 

1924 

1925 

1926 

1927 

1928 

3.80 

3.57 

3.04 

3.15 

3.39 

3.37 

Fphriiflrv  . 

3.74 

3.21 

3.04 

3.09 

3.35 

3.03 

IVTnrph  . 

3.57 

3.10 

3.09 

3.06 

3.35 

2.99 

3.57 

2.98 

3.04 

2.85 

3.01 

2.73 

M  ;i  v  . 

2.80 

2.57 

2.48 

2.60 

2.84 

2.68 

Juno  . 

2.80 

2.68 

2.86 

2.60 

2.76 

2.58 

.Tiilv  . 

3.04 

2.80 

2.92 

2.63 

2.82 

2.71 

Ainriist,  . 

3.16 

2.80 

2.98 

2.93 

2.90 

2.97 

Sentemher . 

3.33 

2.92 

3.09 

2.93 

3.12 

3.09 

October . 

3.51 

2.92 

3.27 

3.16 

3.46 

f 3.83f 
\ 2.50f 

November . 

3.74 

3.04 

3.27 

3.52 

3.51 

f  3 . 83  f 
l 3 . 25f 

December . 

3.68 

3.16 

3.27 

3.54 

3.45 

f  3 . 82  f 
l  3.24f 

Average . 

3.40 

2.98 

3.03 

3.01 

3.16 

1  Metzger,  Hutzel,  Cooperative  Marketing  of  Fluid  Milk,  U.  S.  Dept.  Agri.  Tech.  Bui.  179,  1930. 
t  Basic  surplus  price. 


Weighted  Average  Milk  Prices  in  Dollars  per  100  Pounds,  f.o.b.,  City 
Market,  Received  by  Members  of  the  Cooperative  Pure  Milk  Associa¬ 
tion,  1920-1928  1 


Month 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

Januarv . 

4.44 

3.90 

2.70 

2.70 

3.20 

2  25 

2  50 

9  70 

February . 

4.25 

3.30 

2.70 

2.70 

2.95 

2  25 

2  50 

9  fin 

March . 

4.20 

3.30 

2.30 

2.70 

2  60 

2  45 

2  40 

9  An 

April . 

3.70 

3.15 

2.30 

2.60 

2.60 

2.50 

2.25 

2.50 

^ .  ou 

2.40 

May . 

3.80 

2.50 

2.30 

2.50 

2.20 

2.60 

2.15 

2.30 

2.25 

June . 

3.60 

2.60 

2.30 

2.40 

1.80 

2.60 

2.15 

2.30 

2.25 

July . 

3.60 

2.70 

2.30 

2.45 

1.80 

2.60 

2.15 

2.50 

2.50 

August . 

3.85 

2.70 

2.50 

2.50 

1.80 

2.30 

2.40 

2.50 

2  50 

September . 

3.90 

2.70 

2.50 

2.70 

1.80 

2.30 

2.50 

2.50 

2  50 

October . 

3.90 

2.70 

2.60 

2.95 

2.25 

2.30 

2.60 

2.60 

2  75 

November . 

3.90 

2.70 

2.70 

3.10 

2.25 

2.50 

2.60 

2.75 

2  90 

December . 

3.90 

2.70 

2.70 

3.10 

2.25 

2.50 

2.70 

2.75 

3.00 

Average . 

1  UaI.  _  TT.  .1  1 

3.92 

2.91 

2.49 

2.70 

2.29 

2.43 

2.41 

2.52 

2.58 

i  Metzger,  Hutzel,  Cooperative  Marketing  of  Fluid  Milk,  U.  S.  Dept.  Agri.  Tech.  Bui.  179,  1930, 
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Weighted  Average  Milk  Prices  in  Dollars  per  100  Pounds,  f.o.b.,  City 
Market,  Received  by  Members  of  the  Twin  City  Milk  Producers’  Asso¬ 
ciation,  1918-1928  1 


Month 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

January . 

February . 

2.80 

2.70 

3.30 

2.57 

3.15 

3.05 

2.65 

2.40 

1.95 

1.90 

2.68 

2.50 

2.48 

2.41 

2.20 

2.20 

2.35 

2.25 

2.48 

2.50 

2.57 

2.50 

March . 

2.50 

3.12 

3.80 

2.33 

1.90 

2.47 

2.20 

2.23 

2.20 

2.50 

2.52 

April . 

2.42 

3.00 

3.90 

2.25 

1.93 

2.42 

1.80 

2.23 

2.12 

2.50 

2.48 

May . 

2.31 

2.95 

2.70 

1.75 

1.85 

2.35 

1.80 

2.29 

2.15 

2.35 

2.42 

June . 

2.25 

3.00 

2.70 

1 .60 

1.82 

2.25 

1.85 

2.20 

2.18 

2.31 

2.43 

July . 

2.30 

3.05 

2.57 

1.80 

2.00 

2.35 

1.85 

2.20 

2.25 

2.31 

2.48 

August . 

2.55 

3.15 

3.21 

2.15 

2.10 

2.75 

2.20 

2.33 

2.27 

2.38 

2.56 

September .... 

2.75 

3.10 

3.25 

2.25 

2.42 

2.68 

2.20 

2.65 

2.32 

2.48 

2.65 

October . 

3.20 

3.10 

3.42 

2.25 

2.55 

2.62 

2.20 

2.70 

2.41 

2.60 

2.64 

November. .  . . 

3.50 

3.15 

3.23 

2.25 

2.65 

2.52 

2.25 

2.70 

2.50 

2.63 

2.60 

December .... 

3.70 

3.15 

3.00 

2.10 

2.80 

2.50 

2.22 

2.65 

2.52 

2.63 

2.61 

Average .... 

2.75 

3.05 

3.16 

2.15 

2.16 

2.51 

2.12 

2.38 

2.29 

2.47 

2.54 

1  Metzger,  Hutzel,  Cooperative  Marketing  of  Fluid  Milk,  U.  S.  Dept.  Agri.  Tech.  Bui.  179,  1930. 


Retail  Monthly  Price  of  Milk  in  Cents  per  Quart  Delivered  to  Family 
Trade  in  Indicated  Markets,  1920-1928  1 


Market  and 
Year 

Jan. 

Feb. 

Mar. 

1 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Boston : 

1920 . 

17 

17 

17 

17 

16 

16 

17 

17.5 

18 

18 

18 

18 

1921 . 

17 

16.5 

16 

15.5 

15 

15 

15 

16 

15.5 

15 

15 

15 

1922 . 

13.5 

13.5 

13.5 

13.5 

12.5 

12.5 

13.5 

13.5 

13.5 

14.5 

14.5 

14.5 

1923 . 

14.5 

14.5 

14.5 

13.5 

13.5 

13.5 

14 

14.5 

14.5 

14.5 

15.5 

15 

1924 . 

14.5 

13.5 

12.5 

12 

12 

12 

12.5 

13.5 

14.5 

14.5 

14.5 

14.5 

1925 . 

14.5 

14.5 

13.5 

13.5 

13.5 

13 

14 

14.5 

14.5 

14.5 

14.5 

14.5 

1926 . 

14.5 

14.5 

14.5 

14.5 

14.5 

13.5 

14.5 

14.5 

14.5 

14.5 

14.5 

15 

1927 . 

14 

14 

14 

14 

14 

14 

14 

15 

15.5 

15.5 

15.5 

16.5 

1928 . 

16 

15.5 

15.5 

14.5 

14.5 

14.5 

14.5 

12.5 

15.5 

15.5 

15.5 

15.5 

Data  from  yearbooks  of  United  States  Department  of  Agriculture  except  for  1928. 

Prices  for  1928  are  from  Crops  and  Markets.  .  m  v  n  1  ivo 

^Metzger,  Ilutzel,  Cooperative  Marketing  of  Fluid  Milk.  U.  S.  Dept.  Agn.  Teeh.  Bui.  179. 
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Retail  Monthly  Price  of  Milk  in  Cents  per  Quart  Delivered  to  Family 
Trade  in  Indicated  Markets,  1920-1928— Continued  1 


Market  and 
Year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

New  York: 

1920 . 

18 

16.5 

16.5 

15 

15 

15 

16 

17 

18 

18 

18 

17 

1921 

17 

16 

15 

14 

14 

15 

15 

15 

15 

15 

1922 . 

15 

15 

15 

13 

13 

14 

15 

15 

15 

15 

16 

1923 . 

16 

15 

15 

15 

14 

14 

14 

14 

15 

15 

16 

15 

1924 . 

15 

14 

14 

14 

13 

13 

13 

13 

14 

14 

15 

15 

1925 . 

15 

15 

15 

15 

15 

14 

14 

15 

15 

15 

15 

15 

1926 . 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

1927 . 

15 

15 

15 

15 

15 

15 

15 

15 

16 

16 

16 

16 

1928 . 

16 

16 

15 

15 

15 

15 

15 

16 

16 

16 

16 

16 

Philadelphia: 

1920 . 

14 

14 

14 

14 

14 

14 

14 

15 

15 

15 

15 

13 

1921 . 

13 

13 

13 

13 

11 

11 

11 

11 

11 

11 

11 

11 

1922 . 

11 

11 

11 

11 

11 

11 

11 

11 

11 

12 

12 

12 

1923 . 

11.5 

12 

12 

12 

13 

13 

13 

13 

13 

13 

12 

12 

1924 . 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

1925 . 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

1926 . 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

1927 . 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

1928 . 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

Baltimore: 

1920 . 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

15 

1921 . 

15 

15 

14 

14 

14 

12 

12 

12 

12 

12 

12 

12 

1922 . 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

1923 . 

13 

13 

13 

13 

13 

13 

13 

12 

14 

14 

13 

13 

1924 . 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

12.5 

1925 . 

13 

13 

13 

13 

12 

13 

13 

13 

13 

13 

13 

13 

1926 . 

13.5 

13 

13 

13 

13 

13 

13 

13 

13 

14 

14 

14 

1927 . 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

1928 . 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

Pittsburgh: 

1920 . 

16 

16 

16 

15 

15 

15 

15 

16 

16 

16 

16 

16 

1921  .... 

15 

15 

14 

14 

14 

14 

14 

14 

14 

14 

13 

1922 . 

13 

12 

12 

12 

12 

12 

12 

12 

14 

14 

1923 . 

14 

14 

14 

14 

14 

14 

14 

15 

15 

15 

1924 . 

15 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

1925 . 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14.5 

14.5 

14  5 

1926 . 

14.5 

14.5 

14.5 

14 

13 

13 

13 

14 

14 

14 

14  5 

15 

1927 . 

15 

15 

15 

14 

14 

14 

14 

14 

14 

15 

15 

15 

1928 . 

15 

14 

14 

13 

13 

13 

13 

14 

14 

15 

15 

15 

Data  from  yearbooks  of  United  States  Department  of  Agriculture  except  for  1928 
Prices  for  1928  are  from  Crops  and  Markets. 


i  Metzger,  Hutzel,  Cooperative  Marketing  of  Fluid  Milk,  U.  S.  Dept.  Agri.  Tech.  Bui.  179,  1930, 
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Retail  Monthly  Price  op  Milk  in  Cents  per  Quart  Delivered  to  Family 
Trade  in  Indicated  Markets,  1920-1928— Concluded  1 


Market  and 
Year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Cincinnati: 

1920 . 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

1921 . 

15 

14 

14 

14 

13 

13 

13 

13 

13 

13 

13 

13 

1922 . 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

1923 . 

12 

12 

12 

12 

12 

12 

12 

12 

14 

14 

14 

1924 . 

14 

14 

14 

14 

14 

1925 . 

12 

12 

12 

1926 . 

12 

12 

14 

12 

1 2 

1  9 

1  A 

1927 . 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

It 

14 

1928 . 

14 

14 

14 

14 

14 

14 

14 

14 

Chicago: 

1920 . 

15 

15 

14 

14 

14 

14 

15 

16 

16 

16 

15 

14 

1921 . 

14 

14 

14 

14 

14 

14 

14 

14 

12 

12 

12 

12 

1922 . 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

1923 . 

12.5 

13 

13 

13 

13 

13 

14 

14 

14 

14 

14 

14 

1924 . 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

1925 . 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

1926 . 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

1927 . 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

1928 . 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

Minneapolis: 

1920 . 

13 

13 

13 

13 

13 

13 

13 

14 

14 

14 

14 

14 

1921 . 

13 

12.5 

12 

12 

11 

10 

10 

11 

11 

11 

11 

10.5 

1922 . 

10 

10 

10 

10 

10 

10 

10 

10 

11 

11 

11 

11.5 

1923 . 

11 

11 

11 

11 

11 

11 

11 

12 

12 

12 

12 

12 

1924 . 

12 

12 

12 

10 

10 

10 

10 

11.5 

11 

11 

11 

11 

1925 . 

11 

11 

11 

11 

11 

11 

11 

11 

12 

12 

12 

12 

1926 . 

12 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

1927 . 

10 

11 

11 

11 

11 

11 

11 

11 

11 

12 

12 

12 

1928 . 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

Los  Angeles: 

1920 . 

16 

16 

16 

16 

16 

16 

18 

18 

18 

18 

18 

18 

1921 

18 

16 

16 

16 

16 

15 

14 

14 

14 

14 

14 

1922 . 

14.5 

14 

14 

14 

14 

14 

14 

14 

14 

14 

15 

15 

1923 . 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

1924 

15 

15 

16 

15 

15 

17 

15 

17 

17 

14 

14.5 

1925 . 

14 

14.5 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

1926 . 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

1927 . 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

1928 . 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

Data  from  yearbooks  of  United  States  Department  of  Agriculture  except  for  1928. 

Prices  for  1928  are  from  Crops  and  Markets. 

1  Metzger,  Hutzel,  Cooperative  Marketing  of  Fluid  Milk,  U.  S.  Dept.  Agri.  Tech.  Bui.  179,  1930. 
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Acidity,  scoring  for,  142 
table  for  determining,  143 
testing  for,  132 
Albumen,  properties  of,  39 
Alcohol  test  for  milk,  134 
Apparatus,  cleanliness  of,  in  milk  plants, 
122,  123 

Arrangement  of  milk  plants,  248 
division  of  rooms,  267 
effect  on  breakage  of  bottles,  265 
loading  delivery  wagons,  262 
milk  pumps  versus  elevators,  249 
size  of  rooms,  268 
Ash,  analysis  of,  39 
functions  of,  8 
properties  of,  39 
relation  to  solids,  40 
Asses’  milk  for  infants,  15 

Bacteria,  classification  of,  61,  62 
destruction  of,  by  chemicals,  66 
by  heat,  66 

differentiating,  methods  of,  64,  65 
effect  of  cold  on,  67 
in  milk  from  normal  udders,  60 
manner  of  growth,  59 
nature  of,  59 

plate  method  of  counting,  62-64 
scoring  for,  142 
significance  of,  in  dairying,  23 
in  milk,  65 

sources  of,  in  milk,  60 
Bacterial  count,  by  plate  method,  62, 
129 

direct  microscopic,  129 
essential  factors  affecting,  69 
Barnyard,  cleanliness  of,  114 
Bedding,  for  comfort  and  sanitation,  109 
Boston,  Mass.,  shipments  of  milk  to,  in 
June,  1930,  193 

Bottle  breakage,  effect  of  plant  arrange¬ 
ment  on,  265-267 


Bottle  fillers  and  cappers,  291 
types  used,  293 
Bottle  washers,  brush,  288 
pressure  type,  289 
soaker  type,  290 
Bottle  washing  and  filling, 

comparison  of  labor  required  with  dif¬ 
ferent  systems  of,  307,  308 
direct  system  of,  306 
effect  of  number  of  floors  used  on  man¬ 
hour  requirements,  309,  310 
indirect  system  of,  306 
semi-direct  system  of,  306 
Bottle-washing  room  in  milk  plants, 
267 

Bottles,  facilities  for  treatment,  123 
life  of,  398 

losses  of,  394,  396,  398 
scoring  in  contests,  143,  145 
single  service,  advantages  and  disad¬ 
vantages,  398 
washing,  304 
Bottling  milk,  304 
labor  costs  in,  309 
men  used  in,  308 

Buildings,  charge  for,  in  milk  cost  studies, 
153 

Bulk-line,  explanation  of,  161,  162 
use  of,  163 

Bulk  milk,  regulation  of,  126 
Bulk  transportation  of  milk,  economy  of, 
217 

Bull,  unit  requirements  for  keeping,  158 
Burrell,  D.  H.  Co.,  329 
Butterfat,  see  Fat. 

Buttermilk,  cultured  manufacture  of, 
323-325 

Buying  milk,  by  weight,  169,  184 
methods  of,  168 
plans  for,  170 
basic  surplus,  173 
classification  or  use,  174 
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Buying  milk,  plans  for,  combination,  174 
By-products  room  in  milk  plant,  268 

Calories,  definition  of,  8,  9 
furnished  by  milk,  10 
Calves,  credit  for,  in  cost  accounting,  154 
per  cow  per  year,  159 
per  100  pounds  of  milk,  159 
Cans,  hydraulic  washers,  279 
test  for  cleanliness  of,  123 
washing  equipment  for,  278 
washing  of,  311 
Caps,  scoring,  in  contests,  145 
Carbohydrates,  functions  of,  8 
Carload  lots  (C.L.),  192,  200 
Casein,  properties  of,  38,  39 
Cells,  character  of,  in  milk,  56 
number  of,  in  milk,  56,  57 
significance  of,  in  milk,  57 
Certified  milk,  bacteriological  standards 
for,  457,  458 

chemical  standards  for,  458 
history  and  growth  of,  34,  35 
medical  examination  of  employees 
handling,  455,  456 

standards  for  production  of,  447-456 
Checking  systems,  milk  plants,  316 
goods  handled,  316 
shipping  and  receiving  clerks,  3D 
route  salesmen,  402-407 
credit  vs.  cash,  408 
ticket  system,  408 
Cherry,  J.  G.  Co.,  329 
Chicago,  Ill.,  retail  milk  prices,  1920- 
1928,  480 

wholesale  milk  prices  per  cwt.,  1920- 
1928,  477 

Chlorine,  solutions  for  treating  utensils, 
75-77 

City  milk  dealer,  166 
development  of,  165 
functions  of,  167 

Clarification,  effect  on  bacterial  count,  366 
on  composition  of  milk,  369 
Clarifiers,  281,  282,  366 
Clean  bottle  storage  room,  in  milk  plant, 

267 

Cleaning  milk  plant  apparatus,  311 
labor  required  for,  357,  358 
pasteurizers,  357 


Cohesion,  of  milk,  54 
Cold  storage  room,  see  Milk  storage 
room. 

Colon  bacilli,  significance  of,  in  milk, 
65 

Color  of  milk,  causes  of,  55 
Coloring  matter,  testing  for,  133 
Colostrum,  analyses  of,  45 
Comfort,  bedding  cows  for,  109 

of  cows  influenced  by  ventilation,  111 
Composition  of  milk,  from  cows,  37 
from  various  animals,  14,  15 
influenced  by,  age  of  cow,  49 
breed,  43 

changes  in  feeding,  46 
disease,  49,  50 
drouth,  50 

fatness  at  parturition,  47 
overfeeding,  45 
period  between  milkings,  48 
period  of  heat,  50 
quality  of  feed,  46 
season,  48 

stage  of  lactation,  44,  45 
stage  of  milking,  49 
underfeeding,  46 
volume  of  milk,  44 

variations  between  morning’s  and 
evening’s  milk,  47,  48 
variations  in  individual  cows,  47 
Condensed  milk,  analyses  of,  16 
for  infant  feeding,  16,  17 
Construction  of  milk,  plants,  247 
floors,  248 

inside  walls  and  ceilings,  248 
light,  248 
material  for,  247 
ventilation,  248 

Consumers,  demands  of,  394,  395,  397 
Coolers,  advantages  of,  80 
cabinet,  for  milk  plants,  288 
cooling  media  used  in,  for  milk  plants; 

286 

definition  of,  112 
for  milk  plants,  284 
internal  tubular,  284 
open  surface,  284 
location  of  farm,  84 
types  of  farm,  81,  82 
use  of  farm,  83 
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Cooling,  importance  of,  79,  80 
in  milk  plants,  124 
prompt  and  efficient,  116 
scoring,  116 

surface,  advantages  of,  80 
tanks,  construction  of,  86,  87 
efficiency  of,  85 
size  of,  85,  86 

Cooperative,  by-laws  of  producers’  com¬ 
pany,  470-473 

Cost  accounting  for  milk  plants,  435 
Cost,  of  establishing  milk  plants,  301 
of  equipment,  295-300 
of  milk  distribution,  410 

division  of  consumer’s  dollar,  416, 
423 

of  milk  production,  application  of 
formulas  for,  160,  161 
average,  median  and  bulk  line  costs, 
161,  162 

comparison  of  cost  factors,  160 
credits  for  calves  and  manure, 
159 

importance  of  studying,  148 
items  considered  in,  151,  152 
managerial  ability,  allowance  for, 
158,  159 

methods  of  studying,  149,  150 
relation  to  selling  price,  163 
requirements  for  keeping  bull,  158 
seasonal  variations  in,  151 
terms  used  in  studying,  152 
unit  requirements  for  1001b.  milk,  156 
for  keeping  cow,  157 

Country  milk-receiving  stations,  ar¬ 
rangement  of  plant,  224 
construction  of  building,  223 
floor  plans  for,  226,  227 
functions  of,  219 
lists  of  equipment  for,  228-230 
location  of,  220 

number  of  men  required  to  operate, 
232 

operating  costs,  230,  231 
ownership  of,  220 

relation  of  volume  handled  to  invest¬ 
ments  in,  233 
sewage  disposal  at,  221 
systems  of  cooling  milk  at,  225 
water  supply  at,  221 


Cows,  cleaning,  before  milking,  113,  115, 
116 

cleanliness  of,  113 

effect  of,  on  milk,  69,  70 
grooming,  clipping,  and  washing,  70 
inspecting  health  of,  107 
number  and  value  of,  3 
per  1000  persons  in  U.S.,  6 
valuation  and  herd  charges,  153,  154 
yearly  requirements  for  keeping,  157 

Cream,  scoring  of,  146,  147 
standardizing,  364 

Cream  layer  in  pasteurized  milk,  358-361 

Creamery  Package  Manufacturing  Co., 
328 

Cryoscope,  use  of,  131 

Dairy  house,  see  Milk  house. 

Dairy  products,  per  capita  consumption 
of,  4,  5 

place  of,  in  the  diet,  2,  4 

Delivery,  auto  trucks  for,  385 
credit  versus  cash,  408 
daylight  system  of,  387 
duplication  of  routes  in,  391 
effect  of  size  of  load  on  cost  of,  388 
in  pint  bottles,  392 
methods  of,  384 

number  of  men  required  for,  399 
regulations  for,  94 
routes,  checking  system  for,  402 
number  of  customers  on,  385 
number  of  stops  on,  385 
statistics  on,  385 
size  of  load  in,  387,  388 
system  of  paying  drivers  for,  399 
t  hrough  stores,  383 
ticket  system  for,  408 
time  of,  387 

Delivery  wagons,  methods  of  loading,  262 

Denaturing,  condensed  milk  with  rennet, 
128,  129 

Diphtheria,  traceable  to  milk,  23,  25 

Disease,  control  of,  in  milk  plants,  125 
influence  of  animal,  on  composition  of 
milk,  49,  50 

transmitted  by  milk,  23-29 

Distance,  traveled  by  milk  wagons,  385 
391 

Drip  saver,  in  milk  plants,  279,  280 
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Driver’s  orders,  402 
reports,  403,  404 
room,  in  milk  plants,  267 
Drugs,  passage  of,  through  cow  into  milk. 
56 

Emulsification  of  milk,  372 
Energy,  see  Fuel  value. 

Enzymes,  action  in  milk,  40 
Epidemics,  due  to  milk,  23-32 
Equipment,  see,  also,  milk  plant  equip¬ 
ment. 

laboratory,  for  milk  analysis,  16,  298, 
459 

reckoning  cost  of,  in  milk  production, 
153 

Evaporated  milk,  analyses  of,  16 
for  infant  feeding,  16,  17  • 

Expansion,  coefficient  of,  in  milk  and 
cream,  55 

Fat,  functions  of,  8 
properties  of,  37,  38 
relation  of  protein  to,  40,  41 
relation  of  solids  to,  40-42 
relation  of  specific  gravity  and  solids 
to,  426,  427 
testing  for,  129,  130 
variation  of,  in  individual  cows,  47 
Feed,  definition  of  classes  of,  152 

relative  importance  of,  in  cost  studies, 
160 

sanitary  inspection  of,  107 
Fermentation  test,  classification  of  curds 
in,  134 

method  of  conducting,  134 
Filters,  milk,  281 
Flavor,  scoring  for,  136,  146 
Flies,  as  carriers  of  infection,  33 
Floor  plans,  for  city  milk  plants,  271- 
274 

for  country  milk-receiving  stations, 
226,  227 

Floors,  construction  of,  in  milk  plants, 
248 

Foot-and-mouth  disease,  26 
Formulas,  application  of,  in  cost  studies, 
160,  161 

Freezing  point,  of  milk,  54 
of  watered  milk,  131,  132 


Freight  rates,  199,  202 
Fuel  value,  see,  also,  Calories, 
definition  of,  8 
requirements  of  humans,  9 

Gastro-intestinal  disorders,  at  U.  S. 
Naval  Academy,  31,  32 
effect  of  milk  on,  in  infants,  29-30 
Germicidal  property  of  milk,  60 
Goats’  milk  for  infant  feeding,  15 
Grades  of  milk,  18,  19 
Grading,  by  means  of  milk  contests,  100 
of  milk  in  cities,  136,  137 
Gravity  system  in  milk  plants,  com¬ 
bined  with  pumps,  239,  240 
more  than  one  story,  239 
Gutters,  construction  of  manure,  108 

Handling,  regulations  for  milk,  95,  96 
scoring  for,  in  milk  plants,  123,  124 
Hauling  milk,  203-208 
cost  of,  204-208 
Heulings,  S.  M.,  328 
Herd,  charges  in  cost  accounting,  153, 
154 

Holders,  346-350 
accuracy  test  for  continuous,  350 
batch,  347 
continuous  flow,  349 
pocket,  348 

Homogenizers,  operation  of,  372 
types  of,  371 
uses  of,  371 

Infant  feeding,  adaptability  of  various 
milks  for,  14,  15 

condensed  and  evaporated  milk  for, 

16,  17 

malted  milk  and  proprietary  foods  for, 

17,  18 

modification  of  cows’  milk  for,  19-21 
powdered  milk  for,  17 
Infection  of  milk,  32-34 
Inspection,  appropriations  for,  96 
credit  for,  in  milk  plants,  124 
denaturing  condemned  milk  during, 
128,  129 

educational  features  of,  99,  100 
growth  of,  89 
in  small  towns,  98 
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Inspection,  laws  for,  90-94 

necessary  regulations  for,  94-96 
necessity  for,  89 
of  bottles,  310 
of  milk  plants,  118,  124 
of  stores  selling  milk,  126 
organization  of,  force,  97 
purpose  and  desirability  of,  102 
sampling  milk  for,  127,  128 
score  card  system  of,  for  farms,  102, 
103 

testing  milk  for,  129-136 
Inspectors,  association  of,  99 
qualifications  of,  98,  99 

Jacobi,  327 

Labor,  in  bottling  milk,  304-310 
in  washing  bottles,  304-310 
relative  importance  of,  in  cost  studies, 
160 

timing,  in  milk  cost  studies,  153 
variations  of,  in  bottling  milk,  308 
in  washing  bottles,  308 
Laboratory,  equipment  for  milk  analysis, 
298,  459 

facilities  for  milk  analysis,  97 
for  milk  plants,  132,  298 
Lactometer,  correction  of,  for  tempera¬ 
ture,  465 
use  of,  130 

Lactose,  see  Milk  sugar. 

Laws,  drafting  dairy,  90,  91 
form  of  dairy,  91,  94 
simplification  of,  90 
Layout  of  rooms  in  milk  plants,  248 
Lecithin  in  milk,  40 
Less-than-carload  lots  (LCL),  192,  200 
Light,  provision  for,  in  milk  plants,  119 
in  stables,  109 

Lists  of  equipment,  for  city  milk  plants, 
295-300 

for  country  milk-receiving  stations, 
228-230 

Malta  fever,  26-29 
Malted  milk,  analyses  of,  18 
for  infant  feeding,  17,  18 
Managerial  ability,  allowance  for,  158 
159 


Manure,  credit  for,  per  cow  per  year,  159 
per  100  lb.  of  milk,  159 
fertilizing  constituents  in,  155 
relative  importance  of,  in  cost  studies, 
160 

removal  of,  from  stable,  114 
valuing,  154,  155 

Marketing  milk,  present  facilities  for, 
165 

primitive  methods  of,  165 
Market  milk,  definition  of,  1 
industry,  extent  of,  2 
Measure,  table  of  weights  and,  466 
Methylene  blue  reduction  test,  134,  136 
Metric  system  of  weights  and  measures, 
466 

Milk,  advantages  of,  as  food,  6 
amount  produced,  2,  4 
coefficient  of  expansion,  55 
cohesion  and  viscosity,  54 
color  of,  55 
composition,  37 
digestibility  of,  10 
freezing  point,  54 
prices,  in  Chicago,  480 
in  New  York,  479 
in  Philadelphia,  479 
railroad  shipments  of,  to  Boston, 
Mass.,  194 

specific  gravity  of,  51 
specific  heat  of,  53 
state  standards  for,  467,  468 
utilization  of,  4 
weight  of,  52 

Milk  consumers,  demands  of,  394 
distribution  of  dollar  of,  416,  423 
Milk  cooler  report,  318,  319 
Milk  consumption,  seasonal  variation  of, 
170-172 

Milk  contests,  educational  features  of,  99 
for  grading  milk,  100 
method  of  conducting,  139-147 
Milk  handling  room,  in  milk  plant,  267 
Milk  house,  cleanliness  of,  114,  115 
construction  of,  113 
location  of,  112 
necessity  for,  112 
Milking,  cleanliness  of,  115-116 
Milking  machines,  treatment,  77-79 
Milk  inspection,  see  Inspection. 
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Milk  pail,  effect  of,  on  bacterial  count,  72 
small-top,  71 

Milk  plant  equipment,  delivery  equip¬ 
ment,  300,  385 
depreciation  of,  275,  27G 
equipment  required,  277 
lists  of,  295 
office  equipment,  300 
receiving  vat,  280 
selection  of,  275 

Milk  plant  operation,  bottling  and  cap¬ 
ping,  304 

cleaning  pasteurizers,  357 
number  of  men  required  in,  320 
operation,  of  homogenizers,  372 
of  pasteurizers,  355 
receiving  milk,  302 
washing  bottles,  304 
washing  cans,  311 

Milk  plants,  arrangement  of,  118,  248- 
270 

classes  and  types  of,  239-243 
construction  of,  119,  247 
inspection  of,  118-124 
location  of,  119,  237-239 
now  in  existence,  237 
score  card  for,  120,  121 
ventilation  of,  119 
Milk  prices,  428-434,  475-4S0 
bases  of,  170-176 
methods  of  arriving  at,  170-176 
Milk  producers’  associations,  see  Pro¬ 
ducers’  Cooperative  Associations, 
bargaining,  177 
by-laws,  470 
Connecticut,  175 

Dairymen’s  League  Cooperative  Asso¬ 
ciation  of  N.  Y.,  174,  190 
distributing,  178 
list  of,  189 
New  England,  175 
wholesaling,  177 

Milk  production,  seasonal  variation  of, 
170,  171 

Milk  pumps,  283 

compared  with  elevators,  249 
Milk  receipts,  in  New  York,  Boston,  and 
Philadelphia,  193 
New  York,  469 
Milk  sickness,  27 


Milk  solids,  relation,  to  ash,  40 
to  fat,  40-42 
to  protein,  40 
to  solids-not-fat,  41,  42 
to  sugar,  40 

table  for  determining,  from  fat  and 
specific  gravity,  463 
testing  for,  130 

Milk  storage  room,  in  milk  plants,  267, 
381-382 
size  of,  382 

Milk  sugar,  production  of  acid  from,  39 
properties  of,  39 
relation  of,  to  other  solids,  40 
variations  of,  in  milk  from  individual 
cows,  47 

Modification  of  cows’  milk,  19-21 

Molds  in  milk,  67 

New  York,  milk  receipts,  1927-1929,  469 
retail  milk  prices  in,  1920-1928,  479 
wholesale  prices,  per  100  lb.  in,  475 
per  qt.  in,  462 

Nitrates,  testing  for,  132 

Odor,  scoring  for,  146 

Ordinances,  see  Laws. 

Park,  Dr.  Wm.  II.,  329 

Pasteur,  327 

Pasteurization,  ability  of  colon  bacilli  to 
survive,  332 

ability  of  streptococci  to  survive,  330 
advantages  of,  335 
as  a  safeguard,  34 
bacteria  which  survive,  330 
causes  of  poor  results  in,  356 
chemical  changes  producpd  by,  330 
control  of,  124,  125 
cost  of,  337 

development  of,  327-330 
early  history  of,  327-330 
effect  of  legislation  on  number  of 
plants,  337 

extent  of,  in  U.  S.,  336 
holding  process  of,  330 
important  points  in,  356 
in-the-bottle,  352 
introduction  of,  into  U.  S.,  328 
machinery  for,  340 
operation  of,  355 
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Pasteurization,  opposition  to,  330 
physical  changes  produced  by,  330 
regenerative  principle  in,  350 
requirements  for,  336 
systems  of,  in  use  in  U.  S.,  340,  346 
temperature  control  in,  353-354 
temperature  records  of,  354 
Pasteurized  milk,  suitability  of,  for 
infants,  334 

Pasteurizing  machinery,  batch  heaters, 
341;  see,  also,  Holders, 
cleaning  of,  357 
continuous  flow  heaters,  344 
“Danish”  heaters,  344 
internal  tubular  heaters,  345 
in-the-bottle  pasteurizers,  352 
operation  of,  355 
regenerative  system,  350 
selection  of,  355 

Pasture,  reckoning  cost  of,  152,  153 
Philadelphia,  retail  milk  prices,  1920- 
1928,  479 

Powdered  milk,  analyses  of,  17 
for  infant  feeding,  17 
Power,  advantages  of  motors,  294 
advantages  of  steam  engines,  294 
for  milk  plants,  294 
steam  vs.  electric,  294 
Practicums,  outlines  for,  441-445 
Preservatives,  testing  for,  133 
Prices,  retail,  Chicago,  1920-1928,  480 
N.  Y.,  1920-1928,  479 
Philadelphia,  1920-1928,  479 
wholesale,  Chicago,  1920-1928,  477 
New  York,  per  1001b.,  1920-1928,475 
Producer-dealer,  166 
Producers’  cooperative  associations,  168, 
177-190 

by-laws  of,  470-473 
essentials  for  success  cf,  186 
investments  in  plants  of,  181-183 
management  of  plants  of,  186 
methods,  of  financing,  182 
of  voting  in,  181 
operation  of,  186 
reasons  for  organizing,  178 
results  obtained  by,  187 
spirit  of  cooperation  in,  186 
survey  before  organizing,  187 
systems  of  paying  for  milk  by,  184 


Protein,  function  of,  8 
furnished  by  milk,  10 
properties  of,  38,  39 
relation  of,  to  fat,  40 
to  solids,  40 

requirements  for  humans,  9 
variation  of,  in  milk  of  individual  cows, 
47 

Receiving  milk  at  plant,  251-253,  302 
Receiving  room  in  milk  plant,  267 
Receiving  vat,  280 
Recknagle’s  phenomenon,  52 
Reduction  test,  description  of,  134-136 
Refractive  index,  definition  of,  52,  58 
in  watered  milk,  131,  132 
Refractometer,  use  of,  131 
Refrigeration,  mechanical,  373-382 
advantages  of,  373 
care  of,  machinery,  378-381 
compression  system  of,  374-375 
compressor,  376 

conditions  to  be  considered,  373 
indirect  system  of,  377 
methods  of  utilizing,  375 
principle  of,  374 

requirements  of,  for  milk  plants,  378 
size  of  compressor,  376 
Regulations,  for  handling  and  delivery, 
95,  96 

for  milk,  94-96 
for  production,  94,  95 
for  transportation,  95 
Rennet,  use  of,  in  denaturing  milk,  128, 
129 

Returns  from  delivery  routes,  313-314 
disposition  of,  313-314 
methods  used  to  reduce,  314 
Russell,  328 

Salesroom  in  milk  plant,  267 
Samples,  arrangement  of,  for  judging 
139 

handling,  for  scoring,  139 
Sampling,  device  for,  127 
method  of,  127,  128 
Scales  for  weighing  milk,  277 
Scarlet  fever,  relation  of,  to  udder  infec¬ 
tions,  32 

traceable  to  milk,  23,  25,  26 
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Score  card,  for  dairy  farms,  105,  106 
for  milk,  140,  141 
for  milk  plants,  120,  121 
system,  of  dairy  inspection,  102,  103 
relation  to  bacterial  count,  104 
use  of  farm,  107-117 
Scoring  milk  and  cream,  139-147 
Sediment,  scoring  for,  143,  144 
test,  apparatus  for,  133,  134 
value  of,  133 

Septic  sore  throat,  relation  to  udder  in¬ 
fection,  32 

traceable  to  milk,  23,  25,  26 
Shipping  stations,  208 
delays  at,  209 

Shrinkage  of  milk  at  city  plants,  314-316 
causes  of,  314 
Skimming,  testing  for,  130 
Solids,  see  Milk  solids. 

Solids-not-fat,  ratio  of  components  in,  43 
relation  of,  to  total  solids,  41,  42 
Specific  gravity,  determination  of,  130 
influence  of  composition  on,  51 
influence  of  temperature  on,  51 
of  milk  and  cream,  51 
ranges  of,  in  milk,  51 
relation  of,  to  fat  and  solids,  463 
Specific  heat  of  milk,  53 
Spread,  dealers’,  410 
Stables,  cleanliness  of,  113,  114 
location  and  construction  of,  108 
provision  for  light  in,  109 
ventilation  of,  110-111 
Standardization,  362-365 

food  value  of  standardized  milk,  363 
rectangular  method  of,  362 
standardized  cream,  364 
Standards,  state,  for  milk  and  cream, 
467,  468 

Steam,  cabinets  for  utensils,  74,  75 
jet  for  treating  utensils,  74,  75 
oven  for  steaming  utensils,  74,  75 
treatment  of  apparatus  in  milk  plants, 
122,  123 

of  dairy  utensils,  74,  75 
with  chlorine,  76,  77 
of  milk  bottles,  123 
of  milking  machines,  77-79 
Store  delivery  of  milk,  383,  384 
functions  of,  384 


Store  delivery  of  milk,  relative  economy 
of,  383 

Storing,  scoring  for,  117 
Straus,  Nathan,  327 
Streptococci,  differentiating,  65,  66 
significance  of,  in  milk,  65 
Students’  judging  contests,  method  of 
scoring  samples,  139-146 
method  of  selecting  samples,  142 
order  of  scoring,  142,  143 
rating  contestants  in,  147 
score  card  used  in,  142 
Surplus  milk,  170,  321 

manufacture  of  by-products  from,  323 
utilization  of,  321 
Systems,  of  buying  milk,  168-176 
of  paying  milk  route  salesmen,  399 

Tanks,  construction  of  cooling,  86,  87 
efficiency  of  cooling,  85 
location  of  cooling,  84 
size  of,  85,  86 

Temperature,  comparison  of  scales,  429 
corrections  for  lactometer  readings,  465 
taking  of,  in  milk  samples,  132 
transportation  at  low,  198 
Testing  milk,  for  acidity,  132 
for  bacteria,  129 
for  coloring  matter,  133 
for  fat,  129,  130 
for  fermentation,  134 
for  flavor  and  odor,  136 
for  nitrates,  132 
for  preservatives,  133 
for  sediment,  133,  134 
for  skimming,  130 
for  solids,  130 
for  specific  gravity,  130 
for  temperature,  132 
for  watering,  130,  131 
with  alcohol,  134 
with  methylene  blue,  134-136 
Thermometer,  comparison  of  different 
scales,  464 
use  of,  132 

Transportation  of  milk,  at  low  tempera¬ 
tures,  198 

between  country  and  city,  117 
by  electric  cars,  217 
by  steam  roads,  192-202 
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Transportation  of  milk,  by  truck,  212-216 
in  tanks,  210,  215 
losses  in,  198 

New  England  system  of,  195,  196 
regulations  for,  95 
scoring  for,  117 
tank  cars,  210-212 
capacity  of,  211 
construction  of,  211 
tank  trucks,  215,  216 
types  of  cars  used,  194-196 
capacity  of  cars,  195,  196 
freight  rates,  199-202 
in  New  England,  195 
in  New  York,  196 
insulation  of  cars,  195,  196 
special  services  in,  200 
Tuberculosis,  deductions  for,  in  scoring 
cattle,  107 

source  of  infection,  24,  32 
transferable  from  bovine  to  human, 
24,  25 

Typhoid  fever,  infection  of  milk  by 
“carriers,”  32 
traceable  to  milk,  23,  25 

Undernourishment  in  children,  12,  13,  14 
Undulant  fever,  26-29 
Utensils,  chemical  treatment  of,  75-77 
cleaning,  115 
construction  of,  112 
drying,  115 

effect  of  prompt  washing  on,  72,  73 
effect  of  treated,  on  bacteria  count,  73 
importance  of  drying,  77 
inspection  of,  112 
method  of  washing,  73,  74 
steam  treatment  of,  74,  75 
water  for  washing,  112 


Ventilation,  air  spaces  per  cow,  111 
and  temperature,  111 
King  system  of,  110 
of  milk  plants,  119,  248 
scoring  for,  110-111 
size  of  flues  for,  110 
Village  milk  dealer,  166 
Viscolizer,  372 
Viscosity  of  milk,  54 
Vitamins,  effect  of  heat  on,  12 
importance  of,  12 
in  dairy  products,  12 
kinds  of,  1 1 

Volume  of  milk  and  cream,  55 

Washing  bottles,  304 
comparison  of  costs  in,  304 
inspection  after,  310 
labor  costs  in,  308 
Wastes  in  milk  plants,  312 
reduction  of,  312 

Water,  detection  of  added,  by  freezing 
130-132 

with  ref ractometer,  131 
for  cooling  milk,  81,  83 
for  milk  plants,  122 
infection  from,  33 
inspection  of,  on  farms,  107,  108 
testing  for  added,  130 
Weigh  can,  277 
Weighing  milk,  169-170,  303 
Weight  of  milk  and  cream,  51,  466 
table  of  measures  and,  466 
Willman,  328 

Yeasts  in  milk,  67 
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